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TRANSLATOR'S PREFACE. 



SooN after the publication in German of Professor Dragendorff's 
' Pflanzenanalyse,' it was suggested to me that an English transla- 
tion of the work would supply a want keenly feit by both English 
chemists and English pharmacists. 

A thorough knowledge of the German language and a practical 
acquaintance with many of the processes described, gained whilst 
a pupil in the author's laboratory, would, it was thought, enable 
me to offer a translation of trustworthy accuracy ; and this has 
been my endeavour. Such alterations or additions as have been 
considered needful have been made in the text, the proof-sheets 
of which have been submitted to the author. 

Most of the references have been checked, as accuracy in this 
particular was deemed very important To maiiy of them, how- 
ever, access could not easily be had ; but it is hoped that even in 
these cases very few will be found to be incorrect. To secure to 
English readers the usef ulness of the numerous quotations, refer- 
ence has been frequently made, in brackets, to abstracts or trans- 
lations that have appeared in English Journals. 

One Word has been employed in a somewhat unusual sense. 
The Solution obtained by treating a substance with spirit is called 
a * tincture,' with cold water an * infusion,' and so on. All such 
Solutions have been included in the general term * extract f the 
latter will not, therefore, necessarily mean the dry residue com- 
monly called * extract' 

The name * petroleum spirit ' sufficiently indicates the origin of 
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the liquid. A petroleum spirit boiling above 60** C. should not 
be used. Benzene should boil at 80-8 r C. ('Die gerichtlich- 
chemische Ermittelung von Giften/ Dragendorff, 1876.) 

The index will be found more copious than in the original ; it 
has been compiled from the English text 

The high reputation of the author and the favourable reception 

accorded to his ' Pflanzenanalyse ' are a sufficient guarantee f or 

the value of the work. 

THE TEANSLATOE. 

London, October Ist, 1883. 
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Whilst engaged in cotlecting the raaterial for my ' Ermittelung 
von Giften,' I formed the intention of utilizing the knowledge 
then acquired of the alkaloidal and other constituents of plants to 
improve and extend the pi'oeent methods of plant analyais. In 
accordance wifch thia intention I subsequently dificiissed in my 
' Chemische Werthhestimmung ' the detection and estimation of 
the active principles of some powerful dnigs, and at the Barne 
time promised further Communications on allied substances. 

In the meantime, I gradually bacame convinced of the need of 
devising a process of analysis that should include as many aa 
possible of the more important constituents of plants. Such a 
procesB was, I thought, a desideratum, as I haJ frequently ob- 
eerved thut the methods of examination published in some of 
my researches were adopted by other cheraista in cases in which I 
inysßlf should have deviated fcom tliem. 

Thia conaideration was mainly instrumental in inducing me to 
carry my plan into execution more rapidJy than was originally 
contemplated. No one can he more thoroughly aware than I am 
myself of the insufficiency of the material at preaent available for 
the construction of a eystematic process of analysis, uor can any- 
one be more conscious of the necesaity for sifting and iraproving 
the Contents of the foUowing chaptera. I may, howover, be pet^ 
mitted to remark tbat in proposing to my pupils subjects for 
scientific investigation, I have never lost sight of the plan I had 
formed, and I have been able to benefit by the results of upwarda 
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of one limidi'ed disaertations or Communications publisted by 
mj'Belf or by my scholara. 

Comparatively fow chemists will have kamt, as I have done, 
that nothing can tend so much to the end aimed at as increased 
activity in thia mucb-neglected brauch of cbemistry ; and it was 
the hope of atimiilating young chemists to ateady, perseveriag 
woi'k in testing the methods now placed before them, and devis- 
ing better ones, that finally decided me. I doubt the possibility 
of making, without aasiatance, such progresa aa I think necessary; 
and I trust, thercfore, that the pubhcation of thia little work will 
be followed by an increase in the nnmber of my fellow-workers. 

As wül be explained in the introduction, I have endeavoured 
to conatmct a method that shall compriae at once both the qualita- 
tive and the quantitative, micio- as well as macro-chemical 
analyaia of plants and their conatituents. All widely dtatributed 
vegotable aiibstancea are to be included, the detection of rarer 
onea faciUtated, and the method so arranged that other principlea 
not hitherto obaerved shall, if prcscnt, attract the atteatioii of the 
investigator. 

An exhaustive treatise on all the known conatituents of plants 
would naturally have obacured the method of examination. Thia 
residt I have endeavoured to avoid by comprcssing the method 
of examination proper (Part I.) jnto the smallest poasiblo liniits ; 
and by foUowing it up with further obaervations {Part IL) on the 
characters, etc., of the aubatancea there mentioned. Numerous 
notes and a systematic, as well as alphabetical, index will guard 
the reader from confiiaioa 

I have been compclled to restrict myaelf to tho treatment of 
the more important constituents of planta, that is, thoao that are 
of importance to the plant itsclf, or that play an importaat pait 
in ita economical application. The extracts in which rarer or 
less important aubstancea are to be looked for have been pointed 
out, but it haa been left for the reader himaelf to gain further 
Information about them from other sources. Numerous refer- 
ences will aid him in bis search, and also direct hia attention to a 
number of analysea that may be of servioe to him in modifying or 
extendicg the process here recommended. 
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I have assumed in my readers an acquaintance with the leading 
principles of general and analytical chemistry, and have, there- 
fore, passed over parts of the latter, such as ultimate and ash- 
analysis, since these have been fully treated of elsewhere. Sub- 
jects that have been discussed at length in my * Ermittelung 
von Giften,' and * Chemische Werthbestimmung starkwirkender 
Droguen,' have been referred to as briefly as possible. An ulti- 
mate analysis is, of course, frequently necessary in order to 
demonstrate the identity of a substance isolated during the 
investigation with some other known body. I have, therefore, col- 
lected analyses of the constituents of plants, and have arranged 
them both alphabetically and according to the percentage of 

carbon they contain. 

THE AUTHOK. 
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INTRODÜCTION 1 

§ 1. General Remarks, p. 1. — § 2. Object of ,the Work ; Division 
of Matter, p. 2. — § 3. Leading Principles in the Analysis of 
Planta, p. 3 
METHOD OF EXAMINATION FOR THE MORE IMPORTANT 

CONSTITUENTS OF PLANTS .... 5 

I. Pbeliminart Opebations. Estucation of Moisture and Ash . 5 
§ 4. Drying the Materials, p. 5. — § 5. Treatment of Fresh Planta, 
p. 6.---§ 6. Pulverization, p. 6. — § 7. Estimation of Ash, p. 7 

n. EXAMINATION OF THE SUBSTANOES SOLUBLE IN PeTBOLEUM SpIBIT ; 

Ethebeal and Fixed Oils, Wax, etc. .... 8 
§ 8. Value of Petroleum Spirit in the Analysis of Plants, p. 8. — 
§ 9. Methods of Extraction, p. 8.— § 10. Treatment of Fresh 
Aromatic Vegetable Substances, p. 10 

EXAMINATION OF THE FiXED OlL . . . . .10 

§ 11. Macroscopical and Microscopical Detection ; Total Esti- 
mation, p. 10. — § 12. Composition, Qualitative ; Oleic and 
Linoleic Acids, p. 11. — §. 13. Quantitative ; Estimation of Gly- 
cerine, p. 12. — § 14. Cetyl-, Cerotyl-, Melyl- Alcohol, p. 13. — 
§ 15. VolatUe Fat-Acids, p. 13.— § 16. Non-volatile Fat- 
Acids; Separation, p. 14. — §17. Determination of Melting- 
Point, p. 14. — § 18. Melting-Points of the more important Fat- 
Acids and Mixtures of thesame, p. 15. — § 19. Further Remarks 
on Oleic, Ricinoleic Acid, etc., p. 18. 
Chlobophyll and Alkaloids Extracted Simültaneoüsly WITH 

THE Fixed Oil . . . . . . .19 

' § 20. Optical Properties and Detection of Chlorophyll, p. 19. — 
§ 21. Influence of Fixed Oil in Determining the Solution of 
Alkaloids, p. 20. 
Examination OF THE Ethebeal Oil . . . .21 

§ 22. Detection and Estimation, p. 21. — § 23. Estimation in the 
Presence of Fixed Oil and Resin, p. 22.— § 24. Distillation of 
Larger Quantities of Ethereal OU, p. 23.— § 25. Examination 
of the Aqueous Distillate for Volatile Acids, Formic, Acetic, 
Acrylic, Toxicodendric, Salicylous Acid, p. 23. — § 26. Salicylic, 
Benzoic, Cinnamic Acid, Styracin, Cinname'in and Aldehydes 
of above Acids, p. 24. — § 27. Physical Properties of Ethereal 
Oils ; Umbelliferone, p. 25.— § 28. Reactions, p. 26.— § 29. 
Ethereal Oils containing Nitrogen and Sulphur, p. 26. — § 30. 
Constituents of Ethereal Oils, p. 27. — § 31. Hydrocarbons and 
Oxygenated Constituents, Stearoptenes, p. 28. — § 32. Other 
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Constituenta, p. 23.— g 33- Aldehydea, p. 29.— § 34. Volatile 
Acids, p. 29. — g 3ä. Ethereal Salta and tbe AlcoIioU contained 
in theni ; Primaty, Sccundarj, and Tertiary Aloohols, p. 20. 

m. EXA9[INAT10N OF THE SdBSTAMCEB SoLDItLE Uj ETHEB : ReBINS 
AN'U THEIft ALLTES ...... 

g 36. Methoda üf E:itraction ; Fixed Oil,p. 31.— g 37. Chlorophyll, 
p. 32.— S 38. Portion of the Ethereal Extraot Soluhle in Watac ; 
Hffiinatoxylin, Gallio Aoid, Glucoaidea, Alkaloids, etc., p. 32. — 
g 39. Portion Boluble in Alcnhol, p. 33.— g 40. Microchemical 
Examination ; TraiitineDt of the Subetances disaolved by Ethev 
with variooB Solventai Crjatalliaation, etc., p. 33.— S iL 
Bebavii>ur of Resin to Aqneoos und Alcuholic Potash, Sulphurio 
Add, Kitric Acid, Bromine, etc., p. 34. — § 12. Actioo of fuaed 
Putaah, Reeorcin, Phloroglucin, Pycogallol, Protocateohuio and 
Paroxybenzoic Acide, p. 34.— g 43. Dry DJatillation of Reein ; 
UmbeUifBrone, Pjrocatecbin, p. 3S.— g 44. Examination of that 
Part nf tbe Ethereal Estraot diaaolved by Alcohul ; Pffionio- 
flaareacin, Ohryaophanic Acid, etc., p. 36. ~g 45. Acid» pro- 
duced by the Action uf Alkaliea on Aniiydrides ; Saatonio, etc., 
p. 3e.-§ 46. Direct Extractiün with Ethec, p. 36. 
IV. Ei[AuiNATioMDirTaESv!mTANOEäSoi.uBLEUi Absolute Alcouol; 

REaiNS.TAIiSINS, BrrrKBPBl.VCIPlEH, Al.KALOIl)8,GLDC0eEa,ETC. 

§ 47. Methode cf Ertraction ; Estiaiation of Total Substanoes dia- 
Bolved, p. 38.— g 48. Estimation of the Portion Soluble in 
Watar ; Phlobaphenea, Alkaluids, etc., p. 3B. 

ElAMINATWK OV TANMIN ...... 

g 49. DetaGtiDQ, p. 39.— g 50. Deteetion continued, p, 39.— g 51. 
Reactions of moet Tannins ; Microchemical Deteetion ; Alcohol 
laore suitable for their Extiaction than Water, p. 40. — g S2. 
Methode for their Eatimation : I. Aoetate of Lead, p. 41 ; II. 
Aoetate nf Copper, p. 42 ; III. Staunoiu Chloride, p. 42 ; IV. 
Tartar Emetie, p. 42 ; V. Acetate of Zinc, p. 43 ; VI. Ferne 
Acetate, p. 43 ; VII. Permuiganate of Potassium, p. 43 ; VIIL 
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Potash and Atmoapherio Air, p. 4.^ ; X. Cinchonine, p. 45 ; XL 
Eide, p. 46; XIL Gelatine, p. 46.— g 53. Tannic and Gallic 
Acid, p. 47 

EXAMtKATIÜN FOR GLCCOSinSSi A^EALOIDä, ETC. , 

854. BytheMethodotAgitation,p,48.— 555, Liat of Bitter Prin- 
cipleg, Acide, etc , removable froin Acid Solution by Agitation 
with Petroleum Spirit, Bsnzene, Cblorofürm, p. 49. — g 56. Ex- 
traction of Alkaloids from Aimnoniacal Solution, p. 49.-^ 67. 
Direct Test for Glucosidea, Alkaloida, etc., p. 50.— g G8. IboIb- 
tlon and PuHGcation of Subetancea not removable by Agitation ; 
Separation from Glucoae, etc., p. 51. ^g 59. Separation of cer- 
t»in Glucosides and Bitter Principles from Tannin, etc., p. 52. 
— g 60. Decompoeition of Coinpoutida of Lead witb Bitter 
Frinciplea, «tc, p. 52.— ^ 61. Deteetion of the Glucoaidal 
Natare of a Subetance, p. 53.— § 63. Othor Reactiona of Gluc<>- 
aides, p. 54.— g 63. AUcaloide not leolated by the Method of 
Agitation ; Group-reagente ; Lassai^ne'e Nitrogen Teet, p. 55. 
— ä 64. Isolation by Predpitation with Potasaio-merourio 
lodide, etc, p. 37.— g 65. EatimatioD, p. 58.— g flS. Estimstion 
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of Theine, p. 62.— § 67. Estimation of Total Alkaloids in 
Cinchona, p. 62. — § 68. Acidimetric Estimation, p. 63. — § 69. 
Separation of Alkaloids from one another, p. 63. — § 70. Glu- 
coses Soluble in Alcohol, p. 64. 
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§ 71. Method of Extraction, p. 65.— § 72. Estimation of Total Sub- 
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Saponin and its Allies .... . . 67 
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Marattin, p. 70. — § 82. Volumetrie Estimation of the fore- 

going Acids. Free and Combined Acid. Mineral Acids, p. 71. 

EXAMINATION POR Glucoses, Saccharoses, eto. . . .72 

§ 83. Volumetrie Estimation of Glucose with Fehling's Solution ; 
Gravimetrie Estimation with Copper, p. 72. — § 84. Knapp's 
Method ; Sachsse's Method, etc., p. 73. — § 85. Influence of Sac- 
charoses, p. 75. — § 86. Estimation of Saccharose in presence of 
Glucose, p. 75. — § 87. Estimation of Saccharose alone ; Inver- 
sion, p. 75. — § 88. Distinguishing Tests for Saccharose and 
Glucose, p. 76. — § 89. Distinctive Characteristics of the Various 
Saccharoses and Glucoses ; Purification, p. 76. — § 90. Soluble 
Modification of Arabic Acid ; Albuminous Substances not 
precipitated by Alcohol, p. 76. — § 91. Mannite and its Allies, 
p.77. 

EXAMINATION FOR AlbüMINOIDS SOLUBLE IN WaTER, AmMONIA, 

Amides, Nitric Acid ...... 78 

§ 92. Detection and Estimation ; Microchemical Detection ; Pro- 
toplasm, Cell-nucleus, Crystalloids, p. 78. — § 93. Estimation of 
Legumin, Globulin, and Allied Substances, p. 79. — § 94. Vege- 
table Albumin, p. 79. — § 95. Estimation of Total Albuminoids 
Soluble in Water ; (a) By Precipitation with Tannin, p. 80. — 
§ 96. (6) From the Nitrogen, p. 80.— § 97. Estimation of Am- 
monia,p. 81. — §98. Amido-compounds, p. 82. — §99. Estimation 
of Nitric Acid (a) by Schulze's Method, p. 83.— § 100. (6) By 
Wulfert-Schloessing's Method, p. 85.— § 101. Sclerotic and 
Cathartic Acid, etc., p. 86, 
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tion of Albumen, p. 88.— § 105. Estimation, p. 88.— § 106. 
Nitrogenous Substances not dissolved byDilute Soda, p. 89. — 
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% 107- IilucilagiaauB and AlbumiDoi» SubatanD^s, Phlobapbene, 
eto-, not Pracipitated hy Acida, p. S9. — § lOS. Fhlobaphene, 
Polyporio Aoid, HomuB, etc., p. 90. 

VII, EXAMINATIOM OF SUBSTANOEB SOLDBLE luDlLUTK HtDBOCHLOHIO 

AciD ; Stjboh, Paeahabis, Osalatb ot Calciu«, etc. 
§109. Ertmction, p.91.— 1110. Eatimation of Oialate of Cnicinm, 
p. 91.— §111. EatimationotOsftUteot Calcium and Pararabin, 
p. 82.— g 112. EBtimation of Pararabin, p. 93.— § 113. Estima- 
tion of Oxalate of Calcium and Storch, p. 93.— § 114. Eatima- 
tion of ÜJtalate of Calcium, Storch, and Pararabin, p. 93.— 
§ 115. EBtimation of Starch, p, 93. 

VIII. ESTIMATION Of IjGNIN AND ITH ÄLLraS, ANU OP CeLLÜLOSE 

§ Hfl. Lignin, Incnuting and Cuticnlar Subetancea, Suberin, 
p. 85.— § 117. EBtimation of Cdlaloae, p. 9fl, 
COHCLUSINO ReUABKS ...... 

S IIS. ßemarkg on tlie Metbod of Analjsifi recommended, 
p. 97.— § 119. On tbe Object of Plant AnalysiB, p. 97, 
SPECIAL METHODS ; SUPPLEMENTARY NOTES. ETC. 

FaTB AKD THBIB COSSTITDENTS, CHOtBaTSWN, FlLIOIN, BTC. 

g 120. EBtimation of Fat in General ; Apparatur for Extrac- 
Uon, p, 99.— S 121. Resinification, p. 101.— § 122. Elaidin-test, 
p. 101.— § 123. Bflhariour to Sulyburic Acid, p. 102.- § 124. 
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Styrol, MjTDiocarpin, Diosmio, Kampfarid, ABarnn, Angalicin, 
Anemonol, Capaicin, Capsalcio, Amjrin, Brjoldin, p. lOS. — 
8 127. Caoutchouc, p. 109.— § 128. Eatimation of Giycerine, 
p. 109.— S 129. Cetjl-, Cerotyl-,. Melyl-alcobol; Cerotene J 
Vegetoble Wax i MicrooliBmieal Deteotioii of Wax, p. HO. 
§ 130. Eatimation of Oleic Acid, Linoleio Aoid, Laune Acid ; 
Separation of the latter from, Üleic and Myriatic Acid ; of 
Oleic from ateario Aoid, p. 111.— § 131. Separation of Fat- 
acida from Hesin-acids, p. 112. 
Cblohophyli. and ns Alliks . . . . . ] 

t 132. RemarkB on tbe Chemistry ot CHoropbjll, p. 113.- 
§ 133. PoaaibUity üf Estimating, p. 115.— § 134. Erythrophyll 
and Cblorophyllan, etc., p. 115. — g 135. Xauthophyll, Eypo- 
chlorin, Etiolin, Anthoxanthin, p. 116. 

EtHKBBAL OlW, VoLATILK AciDS, BTC. . . . 1 

g 136. Examplea of Eatimation, p. 117.— S 137. Eatimation with 
BUulphidB of Carbon, p. 118. — § 138. Mixtures of Fixcd 
and Ethereal Oila, Resin, etc., p. 118.— g 139. Volatiln Acids : 
Angelio, Methylcrotonic, Caprio, Caprylic, CEnanthic, Cap- 
niic, Valerianic, Butyric, Propionic, Acetic, Eormio Acida and 
their Separation, p. 119.— g 140. Identiticatian of Volatile 
Acida by Saturating Power, eto., p. ISO— g 111. Optical Test« 
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— g 144. Examplea of Analyses, p. 125. 
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% 145. ConifemuB Eeain-AcidB ; Podooarpio Acid, Phyllio Acid, 
Mongumic Acid, Pffionia acid, Chrjaiii, etc. ; More importuit 
Methoda of Isolating Resin-Äcida, p. 127.— S 1^3- More im- 
portant Commercisl Besias ; EBtünation of Ethereal OJI, 
Mnoilage, etc., p. 129. — § 147. Pi&mio-fluoresoin, p. 131.. — 
S 14S, Aiithraquinone-deriv&tiveB, Chryaopiuuiio Acid, CI117- 
Barobin, Emodin, Frangulic Acid, Aliiarin, Purpmin, Scler- 
erjiilirin, Ruberytlirio Acid, Rhinaconthin, Allcannin, Bixin, 
Cnrcniuin, etc., p. 131.— g 149. Recognitimi of Anthraqainone- 
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Estinuttioti, etc., p, 137.— g 1G2.. Quercitrin, Quercetin, Thujin, 
RuUd, Robinin, Luteolin, Gentiain, Conetituenta of FodnpfayÜin, 
p. 13s. — % 153. Jolapin and Allied Reain-glucoBldeB ; Con- 
volvulin, Tampicin, Turpethin, etc., p. 140.~g 154. Santonin ; 
Estfmatiün, p, 141.— g 155. Picrotoxin, Digitalin, Digitoxin, 
Digitalein, Digitonin, Digitin, Coriamyrtin, Eriooljn, Vanillin 
(Estimation), Ostrathün, Feucedanin, Oraoselon, Athamanthin, 
Laserpitin, Cubebin, Betulin, Anacardic Acid, Cardol, p. 142. 
1 156. Other Bitter Principles SoluUe in Etiler ; Ahainthün, 
Elaterin, Hop-Bittera, Meconin, Meconic Acid, MetbyBticin, 
QuasBÜn, etc., p. 146. — g 157. Liehen Acid» and their 
Allies : RocceUio, Iietsnoric, OrwUiitic, GyivphoriOi PareÜic, 

I^tellaric, Evernic, Everninic, Usnic, Cwbumic, Vulpie, 
Eiythric, Beta-eiythric, Cetraric, Licheni»Cearic,Stictio, LubaHc, 
Atranoric Acid ; Ceratophyllin, PicroBrythrin, PicroUchenin, 
Variolinin, Zaoiin, Sordidin, Calycin, etc., p. 149. — % 15S. 
Onän Uid BetiKircin ; Eatinmtion of Orciii, p. 152. 
T&NNIHS , . . . . . , . 1 

gl5B.Con>titutioQ, p. 152,— g 180. Glticoaidal Nature or otherwiae 
Decomposition-prodncts, Phlobaphene, etc., p. 153. — % 161, 
PraneneB« to DecnmpoBitinn, p. 154. — g 162. Prepaiation in a 
State of Pnrity, p. 155. — § 163. Tannio Acida sparingly Soluble 
in Water r Tannins of Alder and Hopa, p. 156.— g 164. Ooour- 
rence of two dilferent Tannins in tbe same Plant, p. 15B. — 
g 165. Notes on the more important Tannins ; Tannic Acids 
from Catecbu, Rbatany, Kino, TormentiUa, Bistort, Uorse- 
cheatnnC, Siimach, Myrobalans. Divi-djvj, Babtah fruits, Pome- 
granate, Tea. Coffee, Oak, Willow, Ebn, Eir, Bircb, AcftoJa, 
Male-fern, Cinchona, Cincbona-nova, Ipecacuanhu, Mate and 
Celaatrus ; Murin-tannic, Gallo -tannic, Leditannic and Nuci- 
tannic Acid, p. ISti. 
QtiHK GLOcoaiDKS , . . . . . . 1 

S 166. Cyclopin, Rhinanthin, p. 163.— g 167. Salnbillty; Description 
of tbe more important Glneosidea. Ainygdalui and Lanro. 
censin, Estimatiuu ; Myronic Acid, Kstimatinn ; Siualbin 
(and Sulphouyanate of Sinapine), Menyanthin, Pinjpicrin, 
Coniferin, Arbutjn, Daphnin, Salicin, Populin, BenzoheKcin, 
Philjrin, Phloirbizin, ..^^nlin, Fraiin, Syringin, Globularin, 
Pittogporln, Samaderin, Colncynthin, Bryonin, Ononin, Apiio, 
Datiacin, Pbjsalin, Dulcamaiin, Haapetidin, Crocin, Olycyr- 
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rhkin, Panaquilloa, Thevetin, Cliamffilirin, Gratiolin, Paridin, 
ConvaJIarin, CoQvallamttrin, Helleborin and HeUeboreln, 
SciUain, Saponiu, Digitonin, Senegin, Melanthin, Farillin, 
Sapogenin, etc., Indican, Indigo-blue, p. 164.— § 1Ö8. Non- 
glucceidal Bitter Frinciplee, CuupiiTiii, CUnavin, Caicin, p. 175. 
—8 189. AloinB, p, 176.— g 170, Cacthamin, p. 178. 
Alkaldidb ....... 

g 171. Colour Reaotions of the more important Älkaloids, p. 
178.— § 172. Identification, p. 181.— § 173. Double Chlorides 
wilh Gold and Platinum, p. 181.— § 171. Further RemarliB 
in Titratiim with PotasBio-mercuric Jodide ; Atropine, Hjog- 
cynmine, Coniine, Stryciinino and Brucine, Morphine, Narco- 
tine, Chelidonlne, Veiatrine, Sabiuiilline and Sabatrine, 
Calabarine and Physoatigmine, p. 163. — § 175. Estimation of 
Coniine with Phoephomoljbdic Acid ; of Pilocarpine ; Ap- 
plli^tion of PhoiphotungBtic Acid, Tonnic Acid, Picric Acid 
in the EBtimntion of Alkaloida, p. 184.— S 17Ö. Determination 
of Alkalu[d in Tea, CofFee, Guarana ; Lieventhal's and Claue's 
Methodsip. ISO.— g 177. EBtimation of Tlieobromine in Caeao ; 
Methoda of Troianowelty and Wolfram, p. 187.— § 178. Eati- 
mation of Piperine, p. 183. — % 17S. Volumetrie Eatlmation of 
Nicotine, p. 188.— g 180. Estimation of Coniine, p. 189.— 
g ISI. Separation of two or more Älkaloids fcom one aoother ; 
Jervine and Veratroidine, Paricine, Narcelne and Narootine, 
Morphine and Codeine, Morphine and Norcotine, Strjchnlne 
and Brucine, p. 189.— § 182. Separation b; Solventa ; Strjch- 
nine and Brucine ; Colchicine and Colcluceine ; Cinohonine 
and Aniurphous Alkaloid ; Delphinine and Delphinoidine ; 
MoipLine and Narcutine ; Morphine, Codelne, and Thebaine ; 
Delphinine, Delphinoidine and StapbisagHne, p. 191.— g 183. 
Separation of Quinine and Cinchunidine from other Cinchona 
Alkaloida ; of Quinidine from Cinchonine ; of Quinine from 
Cinchonidine ; of Stryohnine from Brucine: of Calabarine 
from PhyaoBtigmine j of Chelidunine from Sanguinarine ; of 
MuBcarine froro Amanitina ; Paytjne, etc., p. 193.-8 184. Sepa- 
ration of the more impoitant Ginchona Alkaloide from one 
anotiier, p. 191.— g ISS. Eatlmation of Cinchona- Alkaloid« by 
Folarization, p. 198.-8 1S6. Rarer Cinchona-AIkaloida ; Ari. 
eine, Cuseonine, Quinamine ; Paricine, Paytine, p. 198.—^ 187. 
Eetimation of the more important Opium-Alkaloida, p. 199. 
— g 188. Methoda of Procter, Prollius, FlUckiger, p. 200.— 
g 189. Othar Alkaloida ; Ergoünine and PicroBclemtine ; Cura- 
rine, ErythmphJDeine, Liibelüne, Conenaine, or WrightÜne, Har- 
maline and Harmine, Surinonüne, Aribine, AtheroBpermine, 
Rhccadine, Violine, Beberine, Belladonnine, Cocaine and 
Hygrine, Chlorogenine and Porphyrine, Corydaline, Cytidne, 
Ditamine, Geisaofipermine, Aepidonpermine, Dulcainarine, 
Glancine, Fnmarine, ete.. p. 201. — % 190. Amanitdne, MuBca- 
rine, Cboline, Betaine, p. 205.— S 191. ABparat'ine, Glutamine 
and EBtimation of the eame, p. 206.- g 192. Leucine, Chenopi- 
dine, Tjrosine, Rhatanhin, p. 207. 

VECBFÄULK MUCILAGK ...... 

193. Differencca in Garn and Pectin, p. 208.— § 194. Modilied 
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Method of Examination for Cum, p. 209.^ 195, Chamcteni 
uf Soluble Veget&ble Mucih^ (Arabin, Arabic or Gummia 
Aoid); Metarabio Aoid, p. 210.— g 196. BeliaviDiir to Ee- 
Bgenta ; Commercial Vorieties of Gum-arabic, p. 211. — % 197. 
Separation of Äiabin from Dextrin, GIucdb«, Sacharose, etc., 
p, 212. 

Dextutn, Tbiticin, Levolik, bto. . . . . . 1 

ä 198. BiBtinotive Charactets, p. 212.— 5 1 99. Furmation of 
Alcobolates ; CompoailJon ; BBtimation by Titration and 
Falarizatioii, p. 213. 

Gtücoass ........ 

§ 200. Detectian of Grape-sugar ; ReactioDH to distinguish 
Gmpe-Bogar fram Cane-augar, MUk-eugar, Mannite, etc., 

p. 214 ^ 201. Det«ction and Estimation in PreKence of 

DeKtrin, p. 216.— § 202. Detection of Deitrin in Preaenoe of 
Cane-sagar, p. 215.— § 203. Eatimation of Glocoaes in Presence 
□f Cane-BUgar, p. 215.^§ 204. Bj FermenCation ; Influenae of 
Sobstancearetarding Fermentation, p. 216.— § 205. Characteria- 
tio Properties of Grape-, Frnit-, Invert-, Salicin-, and Caragheen- 
BUgar ; Fhloroae, Arabinuse, Galsctose, p. 217. — g 206. Inoute 
Sorbin, Eucaljn, Nucjte, p. 219.— § 207. Cane and Milk-sngar ; 
Maltose, Melitoge, Melemtoae, Mjcoae, p. 220.-8 208. Estinia- 
tion of GlucoBee and Saccbaroses bj Polarization, p. 221. — 
g 209. Eatimation of Two Glncoaea by Titration and Polariza- 
tion, p. 22S.— S 210, Estimatioo of Cane- and InTert-BUgtff, 
p. 223.— § 211. Eatimation of Tbree Sogars in Solution (o- 
gether, p. 224.— S 212. Mannite, Daloite (Melampyrite), leodul- 
cite (Rhamnoduicite), Hesperidin-augar, Sorbite, p, 224,— 
§ 213. Mannitan, Quercite, Finita, Abietite, p. 225, 

$214. Reactions of Malic AciiJ ; Separation from Oxalio, 
Tartaric, Oitric, Snccinic, Gallic, Tannic, Benzoio, Acetic, 
Formio Acid, p. 214. — g 215. Eatimation of Citric Acid 
aa Barimn-ealt, p. 206,— g 216. Reactions of Citric Add ; 
Aconitic Acid, p, 227.— § 217. Estimation of Tartaric Acid aa 
Acid Tartrate of Potasaium, p, 228,-5 218. Eatimation of 
Tartaric and Citric Aoid wben present ti^ether ; Separation 
from Malic, Oialic, Phosphoric, and Sulpburic Acid ; Bacemio 
Aoid, p. 228,-5 219. OxaÜc Acid ; Separation from Tartario 
and Citric Acid ; Isolation from Oxalate of Calcium, p. 230.-^ 
§ 220. Succinic Acid ; Separation from Oxalic, Tartaric, and 
Citrio Acid, p. 230— § 221. Fumaric and Maleio Acida ; 
Kinio Acid; Rubichloric Acid, p. 232.- § 222. Lactic Acid, 
p. 232,— § 233. GlyooUc Acid, p. 233. 

ALBUHINOIDS, KTO. . . . . . . . I 

g 221, Calcnlation of Nitrogen into Albuminoida, p. 234, — ^ 225. 
Repetition of Entimation of Legumin, p. 234.— g 226. Case'in, 
Glutencaeetn, Fibrin ; Globulin, p. 236.— § 227. TOellin, p. 
230.-8 228. Myoain, p. 236.— g 229, Estiniation of Albvimin- 
oids by Titration with Tannin, p. 238.— g 230. Comparison of 
Keaulta with thoee of the Eetimation by Ooagulation ; Fer- 
menb ; Diastaae, Invertin, Emulein, Myroain, Papayotin, etc., 
p. 237. — g 231. Eatimation of Albmninoids with Acetate of 
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PLANT ANALYSIS: 

QUALITATIVE AND QUANTITATIVE. 



INTEODUCTION. 

§ 1. As accurate qualitative and quantitative analysia of a plant 

or vegetabla substance is not unfi'equently refeired to as one 

of the most difficult tasks that a cheniist may be called upon 

to imdörtake. Attention ia very proiJerly directed to the great 

niunber of species of plant? that occur in nature, to the great 

abundatice and variety of their chemical constituents, and to the 

, circumstanca that almoat every ekilful analysis of a plant that 

liBS not previously been esamined jielda new, hitherto iinkuown 

products. Prominence is also justly given to the fact that the 

»nalysis of vegetable substancea diffei's from that of minerals, 

inasmuch as tho elementa preaent in the latter have in many 

inatancea only to be separatad and wöighed or measured, either 

as such or in the form of certain of their simpler, more easÜy 

reeognisablö Compounds, whilst in the analysis of plants it far 

more fvequently occurs that the proximate principlea themaelves 

muBt be firat aeparated before they can be examined or weighed. 

These reasons are all admisaible ; we are, moreover, juatified in 

I pointing out, amongat other numerous difficulties encountered in 

[ the analysia of plants, the great pronenesa to decomposition of 

many of the constituents of vegetable subatances and the errora 

that may arise therefrom, not only in the estimation of these 

bodiee themaelves, but alao of such substances as may accompany 

them. But surely these considerations shoudd not tend to pre- 

, vent inveatigations from belog carried out which ara equally 

I important for scientific botany and chemistry, for medicine, phar- 

[ macy, dietetics, agriculture, etc. By syatematically arranging 

1 
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the methoda of examination hitherto devised, either for the 
estdmation of a Single constituent or for the Separation of 
several substancea contained in a plant, I hoped to succeed 
in inducing others to conduct investigations in a department 
of chemistry at preeent so much neglected ; and it was in that 
hope that I decided upon the compilation of this woik. In it 
I trnst to be able to show that for the separate estimation of 
many subatances we have mcthods at our disposal which, in" 
point of accuracy, are nearly abreast of the processes employed 
for the deteimination of mineral constituents, and that we can 
often obtain results i'eally aervicoable in the inveatigation of 
tie more important component sutiatancea contained in a plant. 
I especially hope to sucoeed in ehowing that analyses of plants 
posaeas in one reapeet an advantage over the analyaea of 
minerala, inasmuch as it often happena, in examining mixturea 
or conglomeratea of several chemiea! individuala, that in the 
latter caae a much Jess satisfactory inaight into the conatitu- 
tion can bo obtaincd than in the fonner. The elements, for 
instance, of which a gianitä is compc)sed can easily bo deter- 
mined by inorganic analysis, hut it ia exceedingly dif&cult to 
ascertaio with exactitude in what quantity each aeparate 
mineral occurring in the granite ia preaent. But in the 
analysis of vegetable substancea the endeavour ia made from 
the outset to separate the ditFerent chemical individuals from 
one another, and by tho üb« of vartoua solventa thia ia fre- 
quently possible. In thia respect, therefore, the analysia of a, 
plant can often be made more completc than that of a mineral, 

5 2. The object that I have sought to attain in thia work 
was the compilation of a method of analysis appücable to the 
quahtative and quantitative examination of vegetable aubstances 
of both known and unknown compoaition, and of an introduc- 
tion to the qualitative and quantitative deteiTtiination of the 
various more important constituents of planta with which we are 
at present acquainted. 

I need scarcely observe that I have given the füllest (lossible 
consideration to the question as to which tissuea of the plant 
contain the various constituenta, and have therefore, for that 
purpoae, made use of microchemical analysis. 

With reterencB to the arrangement of the matter in the work, 
I ffould remark that in the method of analysis contained in 
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PPart I, I have not separated thö qualitative and the quaBtita- 
) täve determinatioiia of the more important substancaa from 
oach other. I have made the method of Separation serve as a. 
leading principlo, and have thorefore grouped together the 
constituenta of plants in such a mannor that all those may be 
considered together that are iaolated by the eame naeans. I 
have then placed in sub-divisions of the principal groupa such 
Bubstances as may he iaolated by special methods, and theae 
ktter are also diaciissed. 

The more important peculiarities of the varions bodica belong- 
ing to tho differeut groupa, aa weU aa special methods for the 
eatimation of some of them, have been placed in Part II., which 
has heen so arranged as to foUow closely on Part I. in the form 
of a Supplement. In thia way I hope to be more easily able 
to avoid repetition, and especially to facilitate investigations in 
which the aubatances that may be found are unknown. Thua a 
method of analyaia, taking account of the more important con- 
atituenta of plants, may be traced through the work. 

g 3. It has always been accepted, as an important principle, 
by those who have been engaged in plant analyais, that the 
* constituenta preaent ahould be separated aa far aa possible by 
meana of different solventa. I have also followed thia plan, 
which haa in many instancea proved itself adapted to the attain- 
ment of the object in view, and I concur with those chemista 
■who recommend the use, as far as practicable, of tho moat in- 
different solventa. If, in tho analysea of vegetable substancea 
I have already made, I have deviated froüi the course followed 
by my predecessors/ I have done so, first, in increaaing the 
number of solvents ; and aecondly, in varying the order in 
which those aolvents were allowed to act upon the substancea 

knnder examination, I shall subseqnently ahow that thia may 
liave a great influence on the result of the analyaia. 



^^^f ' I draw particiliar attention here to Rochleder'a 'Anleitung zur Analyse 
Ton Pflanzen und PSanzentheilen ' (WUizbu^, 1858}, which I regard aa opea- 
ing up new gnnmd in thia Bubject. See also Wittstein, 'Anleitung zur 
ohemiBchen Aiialyae von Pflanzeri^eilen' (Nördlingen, 1866), and an Englieh 
truulatinn of the same b; Baron von Mucller, ' The Orgauic Constituenta of 

I Planta and Vegetable Substancea and their Chemical Analjais' (Melbourne, 
1878) ; Arata, 'Guja Paralel An:Uy8is immediato de loa Vejetalea' (Buenos 
.AJiee, 186S) ; and a paper hy FacBOna in the American Chemical Journal, 
itl i. No. S. 
L — 
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It will be Seen from the foregoing that the principal groups 
into which I have divided the matter to be treated are formed 
by the behaviour of the plant constituents to solvents. 

In a chapter preceding the method of examination proper, I 
have given a few general rules for plant analysis. 
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METHOD OP ANALYSIS FOR THE MORE IMPORTANT 

CONSTITUENTS OP PLANTS. 



Preliminary Operations. Estimation of Moistüre 

AND ASH. 

§ 4. Drying, — In the majority of cases the parts of plants at 
OUT disposal f or analysis have already been dried, and we can only 
take account of the small amount of moistüre that has been 
absorbed from the air in consequence of the hygroscopic nature 
of the vegetable tissue in contact with it. I can only recommend 
that the estimation of moistüre, for which a temperature not 
exceeding 110^ will as a rule suffice, be made with a small 
quantity of the substance. I shonld not advise the drying of the 
materiJintended for use in the investigations to be dSssed in 
the following chapters, because, even at a temperature of 100° to 
110°, a number of constituents prone to decomposition undergo 
chemical change. It will be sufficient if the moistüre be estimated 
in about 2 to 5 grams, that is, if that quantity be kept at the tem- 
perature indicated tili it ceases to lose weight By means of this 
determination the results of all other estimations can be calculated 
to the dry substance.^ 

^ An apparatus for drying material for agricultural (chemical) analysis has 
been described by Hugo Schulz (Landw. Versuchsstat, vol. ix. p. 213) ; one 
for the rapid estimation of water in organic substances by Gawalovski in the 
Zeitschrift f. anal. Chemie, xiii. 267 (1874). For the dietermination of 
moistüre infruits rieh in sugar, suchas apples, etc., Tschaplowitz (ibid. Jg. 19, 
p. 243, 1880), recommends the slices to be first extracted with absolute 
alcohol containing 10 to 20 per cent. of ether, and then dried at 100° to HO'', 
the ether-alcohol Solution to be evaporated, the residue heated to 85° to 90° and 
then added to the dry substance. See also Beischauer in the Jahresb. f. 
Pharm. Jg. 1867, p. 8 (Amer. Joum. Pharm, xxxviii. 74) ; Schoonbroodt, 
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That portion which has sen-ed for the determination of the 
moUture can stibsequentlf be osed for the estiinatioii of the 
total ash. 

§ 5. Treaim^ml of Fre^h Planls. — If fresb plante or parte of the 
ßame are to be examioed it will be adv-isable in many cases, at 
leaet if a quautitatiFc cxamination ia to be made, to firet diy the 
material, or it will at any rate be necessaiy for those portiona 
which are 6ubse<juently to be treated with petroleum spirit, ether, 
alcohol, and eimilar menstnia. Here, too, it wül be desirable to 
make an accurate estimation of the moisture, and in dolng so it 
ia advisable to allow the temperature to rise veiy gradually to 
100° or 110'. Thegreaterpart of the material can aa a nilebedried 
at a temperature under 30° tili in a eondition suitable for powder- 
ing, and the amount of moisture Btill retained in it can be deter- 
mined in a small portion by a separate estimation. In drying 
flesby fniita or roots care sboiold be taken not to reduce them to 
too fine a State of diviaion. Leaves which are not too fleshy do 
not require any preparation at all. It is very desirable that as 
little of the cell-tisaue as possible should be deprived of ite natural 
coveiiug, as bydoing so tbe action of the air oa the decomposable 
conatituente ia only facUitated. With substancea which are very 
rieh in siigar it ia better not to dry the portions destined for the 
estimation of the saccharine matter at all, but to examine them in 
the fresh State. Tho same holds good for such subatances as are 
very rieh in ethereal oil, or contain volatile acrid Compounds ; 
I ahall siibsequently show that such comi)oimds may be easily 
isolated from, anJ determined in, the fresh plants. Of course 
the amount of such volatile substances as may be found by other 
means must be deducted from the rosult of the detei-mination of 
moisture, 

g 6. Fowdering. — It is of the greatest importance that the 
material for the various cstimations sliould be unifoi-mly mixed 
and reduced to tho very finest powder possible. It may be 
aaaertcd that tho greatest errors made in the analysis of plante 
aro due to the material not having been i-edneed to a sufficiently 
fine State of aubdiviaion. Kstimations of oil made with ether or 
petitileum apirit often show differeuces of several unite por cent., 

ibid. Jg. 1869, p. 9. (Pharm. Joum.Trana. [2], si. 84), In tha latter work 
UluBtrationa are given of the diffcrence in oacipotiition that may be met with 
in froah and dritd, and iQ quickJy und slowly dried, regetable subatances. 
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^^^1 becaiise theae solvents do not penetrate into the cells, biit ouly 
^^^1 dissolve bhab wbich is adhering to the extemal eurfocea of the 
^^H object It must be admitted that it is often very difficult to 
^^^1 reduce a vegetable substanco to an impalpable powder, but the 
^^H necesaity of sparing iio troiible in this respect must be most 
^^H strongly urged. It may sometimes be expedient to dry very 
^^^B bard substances, such aa seoda, etc., at 100° to 110° before powder- 
^^H ing them. Coffee-seeds may tbua be reduced to qiute a fine 
^^H powder, especially if triturated in an agate mortar with a known 
^^^1 quantity of powdered glasa or sharp sand (that has been pre- 
^^^B vioufily treat«d with hydrochloric acid). Somewhat hard sub- 
^^H stances may occasionally be grated upoa a fine grater with 
^^H advantage, and then powdered as above. Tough material, too, 
^^^H and auch as ia to be examincd in the fresh state, may be geuerally 
^^H prepared in this way. In working with substances containing 
^^^B much fixed oil it is sometimes expedient to dry the residue 
^^H after the first extraction with petroleum spirit, etc., powder it 
^^H again and repeat the extraction. 

^^1 § 7. Eslimation of Ash. — With regard to the total ash, which is 
^^■* ttsuiilly estimated in plant analysis, reference may bo made in ths 
^^H majority of cases to the geneially known methods of procedure. 
^^K For vegetable subatances that are very difficult to incinerate, it ia 
^^B advisable, after carbonization, to cool, powder as fiaely as possible, 
^^^B md continue the heatiug, placing a cylindrical tube vertically 
^^H above the platinum dish, so a^ to create a current of air. Or the 
^^V inciiieration may be conducted in a Hempel's jacket witb access 
^^B of air. If eaäily fusible saltä are present and prevent complet« 
^^H incineration, tlie admixture of about nn cqual weight of nitrate of 
^^K ammonium with the cooled mass, and repeated ignition, may render 
^^B good Service. Or the carbonizedmasa may bemixed with aweighed 
^^^m qnantity of oxido of iron, and the incineration continued.^ 
^^* After weighing the ash the quantity of carbonic »cid present in 
it is to be detei-mined and deducted from the total weight The 
carbonic acid is simply a part of the organic matter, the rest 

tot which has been burnt oft', aud ia to be determinod in other 
ways. It is alao deairable to test the ash for aand, and finally, 
if a complete analysis is not required, to estimate at lea^t 
the total quantity of phosphoric and sidphuric acid and potaah, 
(See alBO § 82). 
' ^ OomiMre oUo Bomtrüger, Zeitächr. F. anal. Chemie, B. xvii. p. 440 (1S7S). 
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examination of the substances solüble in petroleum 
Spirit. 



ETHEREAL AND FATTY OlLS, WAX, ETC. 

g 8. Peirolevm Spiril. — I have proposed the use of petroleum 
spirit in the analysis of plants on account of its being a relatively 
good solvent for most ethereal and fatty oila, but not for the 
majority of resins and allied siibstances which wonld liave 
becn eimultaneoiisly brought into Solution hacl ether been naed. 
We have therefore in this liquid a means of moro accurately 
estimatiög ethereal äud fatty oila than was forroörly pössible 
with ether. Another advantage whieh petroleum spirit posaesses 
over ether is that it does not, like ether, cause a coagula- 
tion of Boluble aJhuminoua Compounds in subatances rieh in 
such bodies. Äs it is deairable to deprive the material of fat 
before extracting the soluble albuminous aubstances for their 
quantitative determination, the whole or part of the residue 
after treatment with petfoleum spirit may be very well employed 
for this purpoao. A chief condition for the snccessful apphcation 
of petroleum spirit is that it be very volatile. It must therefore 
be purified by repeated fractional distillatiou, and caro taken that 
it contains no Compound boiling above 45°. It is, moreover, 
deairable to distil it over fat (lard) to free it from aome of the 
impuritiea of morc powerful odour. 

§ 9. Exiradion wÜh Pelrolmm Spirit. — It has already been men- 
tioned in § 6 that vegetable substances to be extracted with 
petroleum spirit must be reduced to the fineat powder pössible. 
It 18 advisable in auch extractiona to employ a known quantity 
of petroleum spirit^ — say fivo to ten timea that of the substance 
to be treatcd ; or, better still, for every gram of the latter 10 cc. 
of the former. A small naiTOw cylinder with glaas stopper may 



I 



§ 9. EXTRJCTION. 9 

be used for this purposo, It should be weighed immodiately after 
the introduction of substance and menstrumn; or, if graduated, 
the yolume only occupied by both need be noted, They may ho 
macerated for about eight days, sbakiiig several timea daily, and 
tben mado up to the original voluroe orweight by the additäon of 
petroleum spiiit, to replace any that may have been lost by 
evaporation. Tbia having been dooe, it is sometimes only neces- 
eary to evaporate an aliquot part of the Solution, and calculate 
from the residue the weight of the subatances which have been 
brought into Bolution.i 

The aupematant liquid frequently becomea so perfcctly clear on 
Standing, that all trouble of filtration may be avoided by removing 
with a pipette a definite yolume, whicb may then bo evaporated 
ajid weighed.^ 

This mcthod of procednre is especially to be recommended if the 
object under examination contains ethereal oil, in which caae &11 
wasbing of tbo residue, or any dilution whatever of the petroleum- 
Hpirit Solution, should be carefuUy avoided. The more concen- 
trated the petroleum-spirit extract ia, the more accurate will be 
thö gfävimeti'ic estimation of the ethereal oil. If, however, tha 
petroleum-spirit Solution is to be filterod off and the residue on 
the filter washed, care should be taken that a funnel with ground 
edges be employed and kept well covered. 

For the evaporation of the petroleum-spirit Solution no porce- 
lain basin or round-bottomed platinum or glasa dish should be 
used, on account of the loss easily eaused by the capillarity of its 
aides. It is expedient, aa a nile, to use a fiat-bottomed glass dish 
with vertical sides and well-ground edges, a ground-glass plate 
acting aa a cover. If the presence of a rapidly resinifying oil is 
Buspected, the petroleum-spirit Solution may be evaporated in a 
tared flask by pasaing a current of carbonic acid gas through it 
whilat kept aurrounded with warm water. (See also § 138.) 

' In thifl oane, a slight error ia introduoed into the oaloulation, bj tha in- 
creBBsd volutne nf the petrolmim spirib due ta dtssolved oil. Biit tliia will, aa 
a nile, be so smnll thnt it may be entirelj negleoted ; or, if desitabte, a correc- 
tioa may be mnde after weighing the residual oil, since we know that the 
■pecific gravitj of the fatt; oila bitberto exomined ranges fcnm O'Sl to 0'925. 

' Evon when the petroleum-Bpirit aolution does not become quita clear on 
RtBnding, a£ ia oEten the caae when seeds are under examination, it is better 
to meaaure off a quantity witb a pipette, filter it, and wash the filter and the . 
mouth of tiiH funnel (on the outaide) with petroleum apirit, than to Elter off 
the whole of the liquid and measure oft a quantity £or evaporation. 
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Shallow evaporating dishes, which can be enclosed between 
clamped glasses and wcighed, may also be used if ethereal oil is 
preseot ; but they must be placed in other larger dishes during 
tbe evaporation of the petroIeum spirit. It is, however, preterable 
even in tbese cases to use the glass dishes with vertical sides pre- 
viously deacribed. 

§ 10. Trealmenl of Fresh Planls.—Fresh, veiy aromatic parta of 
planta may be examined as stated in § 5, without being previoualy 
dried.1 They should be as finely divided as posaible by pressure 
and trituration, then packed in a. small percolator, and the moisture 
present displaced by the smallest possible quantity of petroleum 
spirit or ether ; the latter is, perhaps, in this case to be preferred. 
The menetruum itaolf must subsequenÜy be diBplaoed by water. 
The liquids may be receivcd in a graduated burette fittcd with a 
glass stop-cock and long fine point ; in this the ether or petroleum 
spirit may be alloired to soparato, and an aliquot part measured 
off for evaporation. (See also § 23 and following.) 



EXAMINATION OF THE FIXED OIL. 

S 11. Dekdiöii and EHmali/tji.-^\Ye will first cöBsider the 
simpler case in which the petroleum spirit (or ether) disaolves fixed 
but not ethereal oiL The abaence of the latter may he recog- 
nised by the light colour of the petroleum- spirit Solution and its 
residue after evaporation, and by the abscnce of any aromatic 
odour which would otherwise be given off duriug the evaporation 
of the last tracea of solvent, the Operation being conducted at the 
ordinary temperature. That we really have a fixed oü to deal 
with may be shown by the uniform character of the spot left on 
evaporating a drop of the petroleum-spirit Solution on a sheet of 
blue notopaper. 

On examining vegetable eubatances under the mici'osccpe, fixed 
oil is Seen in the form of small globules of high retracting power, 
which dissolve in petroleum spirit, etiler, and bisujphide of carbon, 
and are saponified by a dilute Solution of soda. If tho objects 
exantined are fresh it is advisable to treat the section with a 
relatively large quantity of water. Concentrated solutions of 
sugar and similar aubstances have the power of diasolving oil, 
which is, however, again aeparated on the addition of a large 
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quantityol wat«r. I do not think it improbable Öiat in the jwice 
of fresh planta oil ia beld in Solution by carbohydrates and 
s not flhow itself until separated by dilution with water. And 
in examining the expressed juice of fresh plants, or concentrated 
infusions of the same, it is well to bear this peculiaiity of oils in 
nind. 

To detennine the iolal ammtnt of fixed oil, the residue from 
the evaporation of part or all of the petroleum-spirit Solution ia 
dried at 100° tili the weight remaina constanfc, which may then 
be noted. For further Information respecting the estimation of 
fixed oils, and ospecially the apparatus to be uaed, eee § 120. 
Compare also § 3S. 

The fatty residue so obtained may be kopt for some time, 
1 wliethcr partial or complete aolidification does not 
gradually take plai,e The solubüity in absolute alcohol, spirit 
of 95 and 90 per cent, may also be tested, to ascertain whether 
free fatty acids, choleatenn, resinous bodies, caoutchouc, or such 
Compounds, can be laolated (Cf gg 125, 12C, 127, 130.) It may 
also be observed wbether the oil is easy or difücult to aaponify, 
whether the soap is soft or hard, colourless or coloured, whether 
glycerine is separated during aaponification, and the fat con- 
sequently contain glycerides (cf. § 13), and whether the oil 
reeinifies readily on expoaure to the air (§ 121). Finally, the 
melting and sohdifying pointa may be takea Concerning this 
determination see § 17. 

§ 12. ComposÜion.- — II a further insight into the composition of 
the fixed oil is required, larger quantities muat be prepared either 
by extraction, or by expresaion foUowed by extraotion, accord- 
ing to the nature of the material and the quantity of oil it 
contains. 

A few guaUlalive experiments may first be made with a portion 
of this oil. If it remaina fluid at ordinaiy tomperatures the 
action of nitroua acid may be tried. The soüdification of the oil 
would pi-ovo the presence of olek (§§ 19, 130) or an allied 
acid capable of conversion into el^diu (§ 122). In thia case, on 
mixdng the oil with about one-fifth of ita volume of concentrated 
aulphuric acid, but little heat will be evolved, whilat Compounds 
of the drying linolek acid (§ 130) and its allies generally cause 
a considerable rise in temperature (§ 123). For comparison 
parallel experiments may be made with hnseed and almond or 



12 SUBSTANCES SOLÜBLE IN PETROLEUM SPIBIT. 

olivo oiL Any colouration produced by the first dropa of sul- 
phuric aciil shoiild be noted, and the experiment repeated witb a 
smali quantity of the oil, addiog a little syrupy phoaphoric acid. 
The behaviour of the oil to ayrupy chloride of antimony, nitric 
acid (from J to 1 volome) of apecific gravity 1-3, alone or com- 
bined with s, little powdered sugar, may be tested. The action 
of concentrated Solution of bisulphido of calcium, borax, and 
chloride of Urne may also yield reactions characteristic of certain 
oils, (See § 124.) It may finally be ascertained whether the oil 
combiuBs quickly with oxide of lead, and whether the plaater so 
produced is soft or hard, soluble or insohible in ether. 

If the fatty oil ia solid at ordinary temperaturea, a portion 
may be melted, and the above tests with acida, etc., applied. The 
soliibility in ethsr ahould be tried, and note taken whether a 
Bolution in two parts of warm ether depoait aolid matter on 
cooling, 

If the fixed oil from a vegetable subatance partially Bolidifies 
after atandingseveral daya, the liqidd part may be separated from 
the solid by filtration and expreaeion, and each treated separately. 

§ 13. Cimiposiliim ; Esllmulion of Glyca-ine. — It ia well Itnown 
that natural fata are alraost invariably mixturea of different 
glyceridea or ethereal aalts. If the varioua conatituenta of which 
a fixed oil is composed are to be aacertained, larger quantities 
(250 to 500 or 1000 grams) muat be aaponified with a aolution of 
caustic aoda of apecific gravity 1'25 to 1'3 ; and after complete 
saponification, as shown by the soap disaolving in water wanned 
on the steam bath without the Separation of undecompoaed oil, 
tho soap ao formed may be thrown out by the addition of a con- 
centrated Solution of salt. The Separation may be performed with 
advantage in tall beakera, which ahould be placed on the water- 
bath until the soap haa asaumed such a condition that on cooling 
it can be removed ns a BoUd cake. (See also § 15.) 

A meaaured portion of the aqimous liquid, after the removal of 
the soap, may be concentrated on the watcr-bath, or preferably 
at a temperature of 70° to 80°, and the residue treated with 
absolute alcohol, or bcttcr with a mixture of about three volumea 
of absolute alcohol to one to two of ether, which dissolvea the 
glt/eerine überatcd by the decomposition of the oil. On evaporat- 
ing thiB Solution the glycerina remains behind aa a sweet syrupy 
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liquid. It ia optically inactive, and yields acralein when heated with 
acid Bulphate of i)ota3sium. If the soap, after removal from the 
liquid, ia washed several timea with Bolotion of salt and the wash- 
ings added to the liquid in the beaker, then the glycerine obtained 
aa described may be weighed. The cstimation ia not free from 
error, but it permits of an approximately correct idea being formed 
of the quantity of glycerine contained iu the fat. (See § 138.) 

§ li. CelyJr, Gerotyl-, Melyl- Alcohol. — In sohd fata, eapecially in 
the ao-called vegelaUe tcax, cetyl, cerotyl, or melyl may be preaent 
as bases instead of glyccryl, in which caae the fat ia much more 
difficült to saponify than it otherwise would have been and there 
ia formed, in addition to the soap, a kind of alcoholate of the fat- 
alcohoL If to auch a mixture of soap and alcoholate aolution of 
Chloride of barium ia added, a barium soap inaoluble in alcohol 
and ether ia generally precipitated, whilst cetyl-, cerotyl-, or melyl- 
alcohol ia liberated and may be extracted with ether. Or the 
precipitation may be a«compliahed with acetate of lead (in the 
abaence of oleic acid), and the wax -alcohol extracted by ether from- 
the dried mass. (Cf. §§ 126, 129.) The melting-point (see 
ä 17) and the ultimate analysia will ahow which of these alcohola 
has been isolated (§ 129). 

VegdaUe wax frequently dissolves in boiling abaolute alcohol, 
but separates out again on the addition of a little water, as a mle 
before the reaina (§ 145). 

§ Iß. FolatUe Fal-Acids. — In proaecuting the examination of the 
fat-acids the soap obtained in § 13 is wanned and again decomposed 
■with excesa of hydrochloric acid, the mixture of fat-acida aeparated 
from the aqiieous liquid, and washed repeatedly with water. If 
the odour of the mixture points to the preaence of a volatüe acid, 
thia lattor must be separated from the less volatile by distülation. 
The distillate ahould be aaturated with aoda, evaporuted, the 
residue again deoompoaed with hydrochloric acid, and the fatty 
acida aeparated from the aqueoua liquid. The posaible preaence of 
valerianic, caproic, eaprylic, pelargonic, capric, and lauric (§ 130), 
alao angehe and methyl-crotonic acid must be bome in mind. 
They may be identified by their boiling-pointe, saturating power 
for baaes, and composition. Of courae the acid must be tested to 
Mcertain if it ia a mixture or not of aeveral volatile acida aeparahle 
by fractional distiUation. (Cf. § 25.) 
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§ 16. Less-ivlatile Fat-Aäds.—li no volatilo acids are present, 
Ol' after their Separation by distillation, aa directad in § 15, the 
lesa volatile fat-acids may be dissolved in alcohol and Bubjected 
in alcoliolic Solution to a fractional precipitation with acetate of 
magneeiuEQ. Thia salt precipitates members of the fat-acid series 
more easily than it doea oleic acid and its hamologues, and of the 
fat-acida proper of the CoHj.Oj aeiies, thoae standing highest 
in the aeriea (i.e. containing the largest number of carbon-atoms) 
are precipitated first. The magnesium precipitates appear at 
frat as soon aa the acetate haa bcen added, and in tbat case, 
after having been well ahaken for aome time, they may soon be 
filtered off. But subsequently it becomea necessary to add atrong 
Solution of ammonia, as 'weil as the magnesium aalt, to produce 
precipitation, and to allow tho mixturo to stand twelve to twenty- 
four houra in a cold place before filtering. The fractional preci- 
pitation ia so contrived that each precipitate shall weigh about 
1 to 5 grams, and thia ja continued tili the tolerably strongly am- 
moniacal liquid yields no further precipitation on the addition of 
alcoholic Solution of acetate of magnesium. Each precipitate 
must be well washed with aleohol and decompoaed with hydro- 
chloric acid. The fat-acid must be waahed with water, dried, and 
crystaliized once from boiling alcohol, After carefuUy drying the 
crystals the melting-point of each fraction must be taken. The 
acids are then recryatallized repeatedly from alcohol, and the 
melting-point again dotermined. (Cf. §§ 130 to 131.) 

§ 17. Determination of Melting-Point. — The following ia the 
method I adopt when I have only a amall quantity of the 
Bubstance at my diaposaL I place a minute portion on the 
Burface of mercury contained in a amall beaker. Tbis ia then 
introduced ioto a small cylin<.lrical copper air-oven in such a way 
that it does not rest on the bottom, but remains three or four 
centimetera from it. To allow of caroful obaervation of tho 
subatance during the experiment, I use as a cover for the air- 
oven an ordinary bottle the bottom of which has been cut off. 
A cork, perforated for a tbermometer, is then fitted into the 
neck. The tbermometer is now introduced through the Perfora- 
tion into the mercury contained in the beaker placed just boneath, 
until the bulh ia completely covered. In doing so it is desirable 
that ßome of the minute fragmeuta of fat-acid, or other substance, 
be as near the bulb as poaaible. Tbe whole is now heated oyer 
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r» small flame, so that the temperature rises about 1° every two 

■ mimites. ^ 

§ 18. Mdling- Points of FaUAdds. — The melting-pointa of the 
several fractions before aad after puritication are noted If in 
tiie same fractioa the same melthag-point is observod on both 
occaaions, or if the estimationa show a difference of only O-S", the 
conclusion may be drawn mth tolerable aafety that the precipitate 
under exatniaation contains only one fat-acid. The obaerved 
melting-point is then eompared with those of the more important 
fat^acids, and the reault arrived at confirmed, if possible, by 
nltimate analysis. 

Experiments that have hitherto been made assign to capric acid 
a melting-point of 30'0°; lauric, iS'ö"; myristic, 538°; palmitic, 
62-0°; stearic, 69-2°; arachic, 75'7'. 

Mixturea of two of theso acida in certain proportions possesa, as 
the investigations of Heintz^ have shown, a Iower melting-point 
than either of the constituents. Heintz has also noticed that the 
mixture, on aolidifsring, erystallizes in a charaoteriatic form, or 
remains amorphoua, according to the proportion in which the two 

' oonBtituenta are preaent 



Stearlq Aold. Palmitic Acid. Meita at 
100 Ü'i-T 



Ciyatalline acalea, 
Delicate cryst^ini 



Amorphons, wavy, dnll. 
Verf mdistinct needles. 
Fine crystallina Qeedles. 
Cryatalline scales. 



20 



CiTHtaJUne acalee. 
ScalyandlndistiiictDeedles. 



' For furtber Information about thia determmatioD see also Pohl, in Poljt. 

Centrbl. Jg. 1855, p. 165 ; Bei^mann, in Kunat und Gewecbebl. t. Bajem. 

I Jg. 1867, Januarheft ; Buis, in AnnaIeD d. Chem. und Pliami. xliv. p. 152 ; 

' — mmel, in AnnaJ. der Phjaifc. xxxiÜ. 121 (Am. Journ. Phaim. jdi. 22, 130) ; 

Hodwood, in Pharm. Journ. and Trana. [3], vi. 1O09 (1876). 

' Annal der Physik. iciL p, 688 (Pharm. Journ. and Trana. [1], xv. *25) ; 
a. ibid. Ixxxiv. 22S. 

* For particnlara ot the examination of a fat in which etearic, palmitic, and 
mjriBUc acidg were fonnd, eee Greenieh in Fbarm. Journ. and Tnuu. [3J, x. 909. 
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Mixtur« ot 








PllmlttcAcM. UjrlgtlcAdd. 


Usltiat 


aoUdUnst 


Manner otBoUdiflatlon. 


70 30 


64-B° 


61-3° 


Extremel; fine needles. 


60 40 


Bl-S" 


49-5'' 


Amorphous, lumpy. 


GO 60 


*7'8° 


45-3' 


J.nrge cryatallme Jamelle. 


40 60 


47-0'' 


43-7' 


IndUtinct Iamell£B. 


SO 70 


ie-y 


487° 




20 80 


48'6° 


«■3' 




10 90 


51-8' 


45-3° 


Long needles. 


100 
Mlitureof 


SS-S" 


- 


Crystalline «»]«■. 


U^riitleAcid. LouiicAcid. 








100 


63-8' 


— 


Crystalline «»Ibb. 


M 10 


51 'S* 


47-3' 




80 20 


486- 


44-6' 


Very minute crjatalH. 


70 SO 


48-7' 


39-0- 




60 40 


430- 


SB-O- 




50 50 


sr-4' 


36-7- 




*0 80 


307- 


33-5- 


AmorphouB. 


SO 70 


35'1- 


32-3- 


Amoiphoiu, froDd-Uk«. 


20 SO 


38-6* 


33-0- 




10 SO 


*ia* 


sao- 




100 


48-e' 


- 


Scaly oryatala. 


BtearicAcid-Mj^tloAcid. ■ 




Hai 




100 


89'2- 


Scaly crjBtal«. 


SO 10 


67-1" 


Di«ti-ct 


cryHtalliae BC*le>. 


80 20 


B5-0" 


Uatherl 


e^ dUtJnct crvaUlline scaleik 


70 30 


02'S' 


Still ;«SH <3iatinGt crvBUUine scalea ; 
no needlea or lamdUe. 


eo 40 


E9-8' 








trace 


ot needles or lunellie. 


SO 60 


54*5- 


Amorphi 


,118. opiwuie. 


40 60 


50-<C 


Beaatiful lart-e crvataCiD« Iwnellffi. 


SO 70 


48-2- 


Crystnüi 


ne kmellfe. 


20 80 


47'8- 


Indiatmct!j- erjstiiliine. 


10 00 


61-7- 


AmorphouB, opaque. 


100 

Mlitu«of 


53-8- 


Qrrtfclli 


inesc&les. 


PllmlHc AM. laurtc ÄcM. 









Cryatalline ccalea. 
Stil! diatinot crrBtalline ncalea. 
Romewhat less dUtinct cryat. acales. 
Still täsB diatinct cryatalline «calea. 
GranuLir inilEatinct cryatalline aotlea. 
Almaat amorphoufl, opique. 
EKautifuI large crjHtalline lamellse. 
Small cryfiUllin« lamellie. 
Indiatinctly cryatalline. 
AmorphoiiB. 
CryatBlline scaJes. 
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Kixture of 






Stearic Acid. Laiiric Acid. 


Melts at 


Manner of Solidification. 


70 30 


620* 


Distinctly granulär and scaly. 


60 40 


69-0' 


Granulär; commencement of Boaly 
crystallization. 


50 50 


55-8° 


Almost amorpbous, slightly granulär. 


40 60 


50-8* 


Amorphous, warty. 


30 70 


43-4' 


On the surface shining f aces of small 
crystals. 


20 80 


38-5- 


Amorphous, warty. 


10 90 


41'5' 


Amorphous. 


100 


43-6" 


Crystalline scales. 



Heintz also noticed that a mixture of three fat-acids could melt 
at a still lower temperature, even if the third fat-acid added 
possessed a higher melting-point than either of the others. A 
mixture of 30 parts of palmitic and 70 of myristic acid melts at 
46 -2^ and solidifies amorphous. To 20 parts of this mixture 
stearic acid was added iü the following proportions, and melting- 
point and manner of solidification observed : 



stearic Acid. 


Melts at 


Manner of Solidification. 


1 


45-2' 


Amorphous. 


2 


44-5' 




3 


44-0' 




4 


43-8' 




5 


44-6' 




6 


45-6« 




7 


460' 




8 


46-5* 





To 20 parts of a mixture of 30 parts of myristic with 70 of lauric 
acid, melting at 35*1", palmitic acid was added, and the following 
observations made : 



nitic Acid. 


Melts at 


Manner of Solidification. 


1 


33-9' 


Amorphous. 


2 


331- 




3 


32-2- 




4 


32-7* 




5 


33-7' 




6 


34-6' 




7 


35-3* 




8 


36-0« 




9 


37-3- 


Indistinct minute needles. 


10 


38-8- 


Minute needles. 



These tables show clearly that it is important to examine the 
fractions in the succession in which they were prepared. For 
instance, supposing the first precipitate to have yielded a fat- 
acid melting at 68', which might consequently be considared as 
stearic acid, the following precipitates fat-acids melting at about 

2 
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56-6°, and subscquontty one melting at 62°, the concluaion to ba 
drawn ia that the last is palmitic acid, and that the fractiona with 
lower luelting-pointa consist of mixturea of stearic and palmitic 
ftcids, According to Heintz's table a mixture of equal parts of 
stearic and palmitic acid shoiUd melt at 56-6°, and assume on 
eooling a lameliar cryatalline structure. Should no palmitic acid 
havB bcen found, but in its stcad a fatacid melting at about 53° 
to 54°, the presence of myristic acid is to be inferred and the 
mixture melting at 56-6° would contain about 55 parta of stearic 
to 45 of myristic acid. 

It is easy therefore to understand that if these observations be 
correctly interpretod a rough judgment raay be formed of the 
^monnt of the separate acids present in the fat. 

At the ordinary temperature pure steaHc acid dissolves in about 
40 parta of absolute alcohol, but in much leas ether. When. 
suspended in watcr it may easily be collected and removed by 
agitation with the lattor solvent. The barium and calcium salts 
are soluble in boiling alcohol, but the major part separates out 
again on eooling. 

Palmitic acid dissolves mnch more easily in warm and oold 
alcohol, and is very soluble in ether. It may also be collected 
■«hen suspended in water by shaking with ether. 

§ 19. Uleir Acid, elc.—The alcoholic liquid from § 16, which 
gives no further precipitate on the addition of acetate of magne- 
sium and aramoaia, may be freed from alcohol by distillation 
under diminiahed pressure. That may be accomplished, both in 
thia and many other caaes, in the following manner ; A retort 
is charged with the liquid, into which a few pieces of scrap 
platinum may with advantage be introduccd, and attached to a 
Liebig's condenaer provided with a tubulated receiver, care bcing 
taken that all connections are air-tight. The exhausting tube of 
a Bunsen'a air-purop is then introduced into the tubulure of the 
receiver. Even i£ the evacuation be carried to only one-half an 
atmoaphere, aqueous infusions, etc., may be rapidly concentrated on 
the water-bath and decomposition thus avoidod which would other- 
wise easily be caused by overheating, or by the action of the air, etc. 

After the recovery of the alcohol by distillation, the residue ia 
poured from the retort, which may be rinsed with a little water, 
and acidulated with hydrochloric acid. The fat -acid which col- 
lects on the surfaee of the liquid may be removed mechanically. 
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or by agitation with ether. In examiaing theae acids attention 
must be paid to the possihle presence ot niembers of the oleic-acid 
seriea (§§ 130, 131) and of the allied ricinoleic acid. (See also § 12.) 
As a preliminary Operation an ultimate analysis may be made ; 
and if this, as well as the reactions of the oil already observed, 
does not point directly to a pavticular ocid, an attompt must be 
made to accomplish a Separation either by treating the plaster 
obtained by heating the fat-acid with oxide of lead, with ether 
(which dissolves oleato of lead) er absolute alcohol ; or by frac- 
tionally precipitating an alcoholic Solution of a aoda-soap with 
acetate of barinm, or acetate or chloride of calcium (^ 130, 131), 



CHLOROPHYLL AND ALKALOIDS EXTIIACTED SISIÜLTANEOUSLY 
WITH TUE FIXED OIL. 

§ 20. Chlorophyll. — The petroleum-spirit extraot of vegetable 
aubstances often shows a groon colour by transmitted Ught 
Thia is gonorally due to Chlorophyll buch solutions are uaually 
fluorescent, and appear blood-rcd 'iiy reflected light. Pure Chloro- 
phyll is ouly slightly soluble au petroleum spirit, and ita prcsenco 
in this extract is accounted for by the intluence exerciaed 
upon its Bolubility by the fixed oü. Tbat the greon colour is 
really due to Chlorophyll may easily be shown by apectroacopic 
examination. White light, on passing through a Solution of this 
substance, undcrgoes a change in various of ita conatituent 
colours, as shown by the abaorption bands in the apectrum. If 
tho Fraunhofer lino A correspond to 17 on the scale, B to 28, 
C to 34, D to 50, atid F to 90, tliere are observable in the 
spectrum (compare Table L to § 148, Nos. 13 and 14)' four 
absorption bands situated bctwcen B and F, the darkest of which 
«xtenda from 30 to 42, and the remainiug thrce from +4 to 50, 52 
to 56, and 58 to GO reapectively. From 80 to the end the apectrum 
gradually darkens. Of theso abaorption banda only tha first two 
can be observed in dilutc sohitions, and the relative amount of 
«hlorophyll disaolved may be jtidged from the prcaence or absence 
of the others. It would be scarcfily possible to obtain absolute 
valuBS for the amount of chlorophyl] present, as liquids containing 
but yery small quantities of that body are coraparativcly daeply 
colonred. Moreover, no racthod haa hitherto boon found available 
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for separating Chlorophyll from the siibstances that accompany ib. 
But if series of analyaea are to ba made with the same plant, to 
detennine tho changes it undergoea under the influence of the 
aeasons, or cortain conditions of cultivatioa, etc., the relative 
quantity of Chlorophyll may he estimated by the optical {colori- 
metric) mctho J. It is better, h owever, to iise alcohol or ether instead 
of petroleum spirit, aa the latter doea nofc usually extract the whole 
of the Chlorophyll present Admixture of foreign colouring matter 
may be avoided by first extracting tho material several times with 
water, and drying the reädue at the lowest temperature possible. 
The Chlorophyll may theo be dissolved out by alcohol or ether. 
(See further in §§ 37, 133.) 

Under the microscope Chlorophyll is seen to be associated ivith 
semi-flidd substancea allied to protöpksm, often in the form of 
small granulea (tho so-called chlorophyll-grannlea), from which it 
may bo extracted by alcohol. It is morc rarely foimd equally dia- 
tributed throughout the ivhole of the protoplaam covering the 
inner surface of the cell wall. It is blcached by chlorino and eaii 
de Labarraijue ; the greon colour ia chaiiged to yellow by dilute 
acids, and bluo by conoentrated hydrochloric acid, 

§ 21. J.lkaloids extracted by Petroleum Sjiiril. — Parts of plantacon- 
taining alkaloid may, when extracted with petroleum spirit, yield 
some of the alkaloid, together with fisod oil, to that menstruum, 
even when the pure alkaloid ia insoluble in it Here, too, it ia tlio 
fixed oil that determincs the Solution of the alkaloid. Tho prcsence 
of the latter may be detectetl by evaporating the petroleum-spirit 
Solution, shaking the residue with water acidulated with aulphuric 
acid, and aeparating tho aqueous from the oily hquid. Should an 
omulsion have beeu formed, Separation may be induced by allow- 
ing the mixture to stand ab a temperature of 40° to 50°. The 
last tracea of suspcnded fat may be removed from the acid Hquid by 
shaking with petroleum spirit, and the presenco of alkaloid demon- 
strated by the uaual reagents. (Cf. § 63.) The amonut will not 
often be large enough to cause a perceptibb error in the determi- 
nation of the fixed oil, But in dealing with very small quantitiea 
of alkaloid the estimation of the latter may, under these circum- 
fitances, be appi'ociably affected ; cases occur in which even the 
whole of the alkaloid prosent passes into Solution with the oil, 
and would be overlooked if attention were not paid to this pro- 
perty of fixud oil On that account the petroleum-spirit Solution 
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mnst be treated as above described, and the alkaloid so isolated 
added to the exfcraets in whiob vegstable bases are to be looked for. 



EXAMINATIOM OF TKE ETHEREAL UIL. 

5 23. DelecUon and EsÜmalion. — Here, as ia § U, we will first 
diacuBs the aimpler caae, viz., tbat in which the petroleum spirit 
has rciuoved etliereal, but no fired oH, or at leaat only a very 
small quantity. 

T.ifc ft fixed oil, ethereal oil may also bc frequently recogniaed 
under the microscope as highly refracting globulea, or dropa of 
irregulär shape, which aro soluble in cold alcohol (fixed oil dissolves 
usually in wann sphit only, if indeed it ia soluble at all) and in- 
soluble in water. Some of them yield even imder the microacope 
Eeveral of the charaeteristic colour-reactiona described in § 142. 

We have now to eatimate tho amounl of othereal oil preaent 
fls accurately aa poseible, without using any very large quantity 
of material. From experimenta made by Osae^ the following 
method would appear to be the best. A quantity of the 
^troleum-spirit solutioa is accarately measuied on to a carcfully 
taredglasa diah, which can be clo&ed atr-tight (Cf. 5 !),) If 5 cc. 
of the Solution correspond to 1 gram of substance, 1 to 3 cc will 
be f ound to bo aiifScient. The glass dish containing the petroleum- 
. «pirit Solution ia then placed under a tubulated glasa bell-jar 




^Fig. 1), A, with ground cdgea rosting on a ground-glasa plate. 

Two glaas tubes are then iotroducad through the tubuluro ; one 

of them (b) roachea nearly to the sui-face of the liquid to bo 

I ©vaporated, the other (n) is eut off cloae below the cork, and con- 

f nectod with an aapirator (E), so tliat a current of dry air may bo 

1 Archiv d. Pharm. [3], vii. 101 (18T5) (Year-book Pharm. 1878, 362). 
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drawn through the apparatus, entering by the tubo 6, and 
pasaing out througli a. A chloride of calcium tube (e) is plaeeii 
before b, and another between a and B, the former to dry the air 
eutering the apparatus, the letter to prevant moist oir from the 
aspirator passing into A. These precautiona are necessary, for 
if the atmosphere in which the ovaporation of the petroleum 
spirit ia to take place be not completely dried, moisture may bö 
deposited on the glass dish containing the sohition, in consequenco 
of the cold produced by evaporation, thus cansing, of course, an 
increase of woight. It Ja advisable, therefore, to connect the firet 
Chloride of calcimn tube (c) irith a WollTs bottle one-third füll of 
concentrated sulphuric acid. A current of air is then passed 
through tba apparatua and the petroleum spirit allowed to 
evaporate at the ordinary temperature until the Operation 
appears completo ; that is, until the residue has ouly a slight 
smell of petroleum spirit The glass dish is then closed and 
weighed. After the weight has been accurately takcn, it ig again 
opened, exposed for one minute to the air, closed and again 
weighed, and the alt«mate esposure and weighing repeated until 
the same Iobs in weight is observad tmco in succession. This 
loss is then assumed to bo the amount of ethereal od that difiuaes 
into the air per minute. It is also aäsumed that during eveiy 
previoiis exposure of one minute the same weight of ethereal oil 
haa evaporated, so that to the quantity of oil as fonnd by the 
last weighing there haa to be added the ' co-efficicnt of evapora- 
tion,' multiplied by the numbor of minutes the dish has been 
exposed. {Compai-e the examples of estimation in § 136.) If the 
coeflicient of evaporation ia Icsa than one railligram thia cor- 
rection may bo omitted. Perhaps it would be advanlageoua to 
pass a current of carbonic acid through the apparatua during the 
evaporation of the petroleum spirit, as many ethereal oils diffuse 
much more slowly into that gas than int« atmospheric air. 

§ 23. In Presence of Fat and Äcwn.— After thus detenmning 
tho weight of the substances diasolved in a known quantity of 
petroleum apirit, it must be aacei'tained whether the residue after 
evaporation is completely volatile at 110°, or leaves a non-volatUe 
residue of resinous or fatty matter. In the lattar case the weight 
must be determined and deducted from that obtained in § 22. 
(Soe 5 138.) If tho non-volatile p.-.rt constitulies the majority of 
the disaolved substances it may be ascortained, after the removal 
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of the ethereal oil by evaporation, whether the residue is now 
still completely soluble in petrolemn spirit Eesins which, in a 
State of pority, are not dissolved by petrolemn spirit, may be taken 
into Solution by means of ethereal oil, jnst as fixed oil carries 
with it alkaloids and Chlorophyll; they are left undissolved on 
again treating with petroleum spirit the residue freed from 
ethereal oiL After having removed by this solvent the fixed 
oil, etc., that has been simultaneously extracted, the resin may be 
weighed alone (§ 146). 

Of course it is advisable to repeat the experiments described in 
§§ 22, 23 sevend times, and take the mean of the results. I need 
scarcely say that this method of determining the total ethereal oil 
does not guarantee any absolute accuracy, but as it is the only 
one we have at our disposition it might, for the time at least, be 
deserving of some notice. With less volatile oils, cinnamon, 
clove, etc., it has yielded very satisfactory results, but less so with 
terpenes, such as oil of lemon and turpentine. 

§ 24. Distillation of Larger Quaniüies of OiL — K a further insight 
into the composition of the ethereal oil is desired, a larger quantity 
must be prepared from 5 to 100 kilograms of materiaL For this 
pnrpose distillation in a current of superheated steam is to be 
lecommended, the material having been if necessary previously 
comminuted and soaked in water. In order that the steam may 
thoroughly penetrate it the apparatus should be packed with 
altemate layers of material and straw. A distillate consisting of 
essential oil and water will be obtained which may be separated 
from one another in burettes or Florentine flasks. It should not, 
however, be forgotten that many ethereal oils are tolerably easily 
soluble in water, and a small quantity of petroleiun spirit of low 
boiling-point should therefore be shaken with successive portions 
of the aqueous distillate. The petroleum spirit is allowed to 
evaporate in a current of carbonic acid in the apparatus described 
in § 22, and the residue added to the oil separated from the distil- 
late (§ 137). 

§ 25. Examination of Aqueous Distillate. — After Separation of 
the oil, the action of the watery liquid on litmus should be 
tested. It will be frequently found to possess a distinct acid 
reaction, and contain formic, acetic^ or other votalile acids of the 
fai^acid series. In such a case the higher acids in the series 
may be removed by shaking with ether or petroleum spirit To 
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obtain all, including those standing lower in the series, the aqueoos 
distillate may be saturated with soda, concentrated and acidified 
with sulphuric acid (1*5). K an oily acid separates from the 
aqueous liquid, angelic or valerianic acid, or an acid higher in the 
series, may be looked for. (The test of smell, boiling-point, etc., 
may be applied, and the ultimate analysis mada) Further in- 
formation on this point may be found in §§ 139, 140. K the acid 
liberated is soluble in water, an attempt to separate it by the addi- 
tion of Chloride of calcium may meet with success. Should that not 
be the case, f ormic and acetic acids may finally be tested for (be- 
haviour to mercuric chloride, ferne chloride and nitrate of silver, 
the latter also reduced by acrylic acid) as well as salicylous acid. 
The last-named acid strikes a violet colour with ferric chloride. 
(See also § 33.) Salicylous acid may likewise be separated from 
its aqueous Solution by shaking with ether. For hydrocyanic 
acid see § 34. 

Toxicodendric acid, to which Maisch partly attributes the poisonous 
properties of Ehus toxicodendron, appears to possess great simi- 
larity with formic, acetic, and acrylic acid. It may be isolated 
by distillation, and like formic acid reduces nitrate of silver and 
chloride of gold slowly in the cold, quickly on warming. But it 
does not reduce mercurous nitrate or chromic acid as formic acid 
does, nor does it yield the iron reaction characteristic of acetic 
acid, etc.; the mercuric salt dissolves with difficulty in water ^ 
(formic acid reduces mercuric to mercurous chloride). 

§ 26. Salicylic, Benzole Acid, etc, — It must also be bome in mind 
that some of the acids of the aromatic series, such as salicylic and 
henzoic acid (§ 55), are volatile with the vapour of water at 
temperatures as low as 100**, and may therefore be carried over 
with the steam in distilling the ethereal oil. On shaking the 
distillate with petroleum spirit small quantities of salicylic acid are 
removed, but ether and Chloroform may be more advantageously 
employed; the latter liquid is also adapted for the isolation o 
henzoic acid, On evaporating the ethereal or chloroformic (or 
petroleum spirit) Solution, both henzoic and sahcylic acid are 
obtained as crystalline residues difficultly soluble in cold water 
(salicyUc acid about 1 in 300). ^ The two acids may be dis- 

^ Conf. Amer. Journal of Pharmacy, xxxviii. 9 (1866). 

' For particulars of the detection of salicylic acid in Viola tricolor by Mandelin 
in my lab oratory,see Sitzungsber. d. Dorpater Naturf. Gesellsch. Jg. 1879, p. 77, 
and Diss. Dorpat., 1881 ; also Pharm. Joum. and Trans. [3] xii. 627. 
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tinguished hj their behaviour to ferne chloride, with which 
salicylic acid strikes the well-known violet colour. Benzole acid 
may be easily sublimed between watch-glasses. Dissolved in a 
drop of ammonia, the excess of which is allowed to evaporate by 
exposure to the air, a drop of ferne chloride produces a brownish 
tinge. 

Cinnamic acid may also be similariy distilled over, and separated 
from the distillate. It may be distinguished from both the fore- 
going acids by its behaviour to oxidizing agents such as perman- 
ganate of potassium, with which an aqueous Solution yields on 
wanning oil of bitter almonds, whereas benzoic acid yields the 
same produet when acted upon by a reducing agent such as 
sodium-amalgam. (See also § 38.) 

Any cinnamic acid present might in certain cases have been 
produeed from ethereal salts, such as, for example, styracin 
(cinnamate of cinnamyl), or cinnamein (cinnamate of benzyl). 
Both of these Compounds are soluble in petroleum spirit, and are 
resolved, by decomposition with an alkali, into cinnamic acid and 
the respective alcohoL Styracin crystallizes in needles, which, 
according to Scharling, ^ melt at 44'. Cinnamein is liquid at the 
ordinary temperature. The former has an odour resembling 
vanilla, the latter a faint smell of baisam of Peru. 

If one of the three acids mentioned has been isolated, special 
care should be taken to ascertain whether the corresponding 
aldehyde is also present in the aqueous liquid, viz., salicylic, benzoic 
(oil of bitter almonds), or cinnamic aldehyde, and whether the acid 
has not been produeed from the aldehyde by absorption of oxygen 
during or after distillation (§ 33). 

§ 27. Physical Froperties, — The principal part of the oil ob- 
tained by distillation should be completely freed from moisture, 
filtered and tested with regard to its consistence. If, on standing 
some time in a freezing mixture, a crystalline constituent be 
deposited it should be separated and examined by itself. The 
action of the oil onpolarized liglit should be observed (§ 141), and 
fluorescence looked for ; if present, it should be ascertained whether 
warm water will remove a substance fluorescent either alone or on 

^ Annalen d. Chemie u. Pharm. Ixviii. 168. See also Rügheimer Disserta- 
tion, Tübingen, 1873 ; Kraut, Annalen der Chemie u. Pharm, clii. 129 (1869) ; 
(Amer. Journ. Pharm, xlii. 236) ; and Von Müller, Ber. d. d. ehem. Ges. Jg. 
1876, 274. 
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the addition of canstic potash. Any resin that may have been 
obtaJned in the quaDtitative estimation of the oil (§ 23), should 
be teated for a fluorescent aubstance by treating witb diatilled, or, 
if necessary, alkaUne water ; umbeUiferone should be apeciaüy borne 
in mind (§ 43). The resinoua coastituents, which will be aub- 
sequently isolatad according to § 36, ä seq., may be exaniined fov 
umbellifei'oue by mixiiig with eand and submittiDg to destructiva 
distillation, or by heatiiig in aealed tubes with alcoholic Solution 
of hjdrochlorio acid. 

Further, the specific gravil^ of eÜiereal oila should be taken. 
Westphal's apecific-gravity balance may be advantageoualy em- 
ployed for this purpose, eapecially if the quantity of oil at disposal 
ia rather smalL (Cf. § 141.) 

It ahould also be ascertained what percentage of pure alcokol 
a spirit niust coatain to be ntiscible with the oil in all proportions, 
Ä drop only of apirit is first added to the aame quantity of oil, 
aud if the resulting mixtiu'e is perfectly clear, note should be 
taken whethcr the further addition of spirit cause a cloudinesa or 
not It is, however, only with freshly-prepared oil that such 
reactiöüs can be cöneideröd as charaeteristic of the oil Many 
oils undergo a change on keeping for any length of tiiae, becoming 
more or less soluble in alcohol, or forming clear misturoB with 
small proportions, but cloudy with larger (§ 141). 

§ 28. EeadioJis.—It is, moroover, desirable to make qualitative 
experiments with small quantities of the ctborcal oil, in order to 
become acquainted with their behaviour to aome few re-agents. 
For this purpose I have recommendod sulphuric acid, alone or 
applied in combination with sugar, nitre, or ferric cbloride ; nitric 
acid, aleoliolic hydrochloric acid, Solution of bromine in Chloro- 
form, picric acid, etc. 

For the results which I myaclf, and aome of my pupils, havs 
obtained with tho more important etherea! oUa, see § 142. 

§ 29, Deleclim of Sulphur.' — Some ethereal oils contain sulphur, 
which may be detected by mixing a few dropa of the oil with 
carbonato of aoda and nitre, and introducing it into a piece of 
combustiou tubing, about 15 ctm. long, aealed at one end. The 
Upper part of the tube ia then charged with a aimilar misture of 
Boda and nitre, and the whole ignited as if it were an ultimate 
analysia in mioiature. Atiout ono-third of the masa from tho 
botcom of the tube upwards Is then diasolved in a little water^. 
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heated with excess of hydrochlorie acid as long as nitrous tumes 
are evolved, and then teated for Biilphuric acid hy chlorido of 
barium. 

Warmiog a small quantity of an ethereal oil containing aiilphur 
with a Solution of caustic potash of specific gravity 1 '3, and adding 
nitro-prusside of sodium, after diluting with water, often auffioea 
to show the presence of sulphur by the sulphide of potaaaium 
fonned striking a blniah-violet colour with the nitro-pmsside, 

Some ethereal oils contain mlrogen, and many of these are re- 
garded as nitriles. This element may be detected by heating a drop 
of the oil with metallic aodium, dissolving the cooled mas3 in water, 
adding a drop of Solution of ferne and ferrous salt, and, after a few 
minutea, acidifying with hydrochloric acid, when a precipitate of 
PruBsian blue maltes ita appearance if nitrogen is present. 

If the ethereal oil contains a svlphocyonlde (oil of mustard or 
horse-radish), both the sulphur and nitrogen test must yield a 
positive result. 

§ 30. Consiituenls. — Ethereal oila distilled from vegetable sub- 
Btanoes are generally mixtures that can be separated into their 
constituenta. If this is to be attempted we must, from the first, 
admit that, in the present State of our knowledge, an exact 
quantitative Separation is not to be thought of. The principal 
reaaon for this must be sought for in the ease with which ethereal 
oila undergo decomposition, and the great disposition many of 
them show to form polymers. In the majority of cases only one 
method of separating the constituenta of an oil is feaaiblc, viz., 
that of fradional disüUation, which must be repeated until producta 
of constant boiling-point have been obtained. But it is in this 
very distjllation that a chango in the oil often takes place, either 
by the formation of polymera of the original oil with higher 
boiling-points, or by the production of hydrocarbona hy the 
liberation of the Clements of water from constituents of the oil 
containing oxygen. 

An important improvement in these Operations might perhaps 
be mado in conducting the distillations under diminiahed pressure. 
In Order to make this modification available, : 
muat firat be ascertained at whioh the more commonly o 
constituenta of oila can be distilled. Many of the terpenes present 
in ethereal oila may he distilled under the ordinary pressure at 
155° to 157°; many of their polymera at about 190°; others at 
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about 250°. Thia knowledge fonns, of course, a good basis on 
ivhich a Separation may be attempted. 

For these acd other fractional distUlations which may have to 
be performed in the analysis of plants, amall flasks provided with 
the dephlegmatora recommended by Linneman may be usod. 
<Cf. § 143.) 

§ 31, Slearoplenes, ek. — Tbe following are the more important 
constituenta of ethereal oils that have up to tho present time 
been observcd : Terpones of the composition CioHi^ often boiling 
at 155° to 157°; polymera of the fiama, of the formida Cj^Hj, 
and C20H32, boiling frequently at about 190° or ahout 250° ; 
oxygenated compomids of the formula Cj^H^O, CjoH,gO, CjyH,gO, 
CigHiP, CioH,„0, C10H12O0; hydrocarbons'of the formvda C,jH,^ 
are more rarely to be found ; still less frequently those of the 
CoHjn seriea. Of theso conatituents of oils, it is noticeable that 
those containing oxygen crystallize in the cold more readily than 
hydrocarbons of the tormiila Cj^Hj^, and to the tormer, therefore, 
oiir attention must be speciaily directed in tho examination of 
the crystalline 'stearoptenea' obtained by cooling the oüa (with 
the exception öf otto öf roses = C^H^^). 

If auch a stearoptene has been isolatcd, ita purification Bhould 
be attempted by repeatedly ciystallizing from alcohol or ether, 
pressing the crystals each time between blotting-paper, The co- 
efficient of refraction may then be aacertaincd in tho alcohoUc 
Solution of the pure substance ; the melting-point, boiling-point, 
and vapoTir-density determined ; and, flnaUy, au ultimate analyaia 
made. It should also be ascertained whether hydrocarbona can 
be obtained by distillation over phosphoric anhydride or chloride 
of zinc. 

Tho liquid xiortions of the varioua fractiona should be aubjected 
to aimilar experiments, with tho esception of the laat It will 
frequently be found that ethereal oüs containing oxygen, aa well 
as those containing hydrocarbons, of the formula C,sHjn and 
CgjiHjj, yield very characteristic colour reaetions with the re- 
agents detailed in ^ 28, 143 ; whilst oila cousisting principally of 
torpenes of the formula CioH,g show less inclination to give 
marked reaetions. These latter oils may often be purified for 
ultimate analysia by diatillation over metallic sodium. 

§ 32. Ollier Constihients. — Besidea the constituenta already men- 
tioned— which indeed, although frequently agreeing in their 
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cotaposition, have, Trheii preparod from different planta, somowhat 
diEsimilar propertiea (odour, behaviour to polarized light, etc.) — 
some ethereal oils contain other substancea which mny faelong to 
tolerably diatant groupa. Aldehydes, ethereal aalts, alcohola, 
acids, etc., have been found in varioiis oils. 

g 33. Aldehydes.— li an aldeliyde ia to be looked for in an 
ethereal oil, it must firat he aacertained whether that oil precipitates 
metallic silver from an ammoniacal Solution of the nitrate.^ li 
thia ia the case, it muat be shaken with a concentrated Solution 
of acid sulphite of soda. The majority of aldehydes are disaolved 
by acid sulphito of soda, and may bo separated from other consti- 
tueuta which do not enter into such cömbination by reraoving the 
aqueous liqui I The aldehyde may then bc libcrated from com- 
bination by neutralizing with caustic soda or decomposing with 
dilute sulphuric acid, and, when thus separated, should be teated 
aa to ita phyaical properties, odour, etc. It should also ba aacer- 
tained it it producea a crystalliiie precipitate in ethereal Solution 
of ammonia, Finally, an ultimate analysis may be made. 

Of the aldehydes to which particular attention should bo 
directed, I may montion those of pelargonic, capric aud ruethyl- 
cftpric acid, of angelic, cinuamic, sallcylic, and benzoic acid 
(§5 25, 26). Many, perhapa all, vegetable substances contain- 
ing Chlorophyll, when diatilled in the fresh State, appear to 
jield a substance with the charactera of an aldehyde.^ 

g 34. Volalüe Acids. — -Acida may bo romoved from the ethereal 
oil by shaking with dilute Solution of potash or soda, and may bc 
Jiberated, after evaporation of the Solution, by the addition of 
dilute sulphuric acid. (Cf. g§ 25, 139,) Besidea the volatile 
acids already mentioncd, tho possiblo presence ot hydrocyanic 
acid, which is partially converted into formic acid by shaking 
with soda, ia not to be forgotten. It may beat be looked for in 
the aqueous part of the diatiUate (g 25), and recognised by the 
well-known silver precipitate and sulphocyanido and Prusslan- 
Uue teata. 

§ 35. Ethereal Solls. — If an esaentiai oil is to be examined for 
ethereal salta that may be mixed with it, it should be remembored 
that such salta may be decomposed by heating in autoclaves with 

1 Soa Tallens, Ber. A. d. cbem. Geg. xy. 1635 ; Salkowaki, ibid, 1739 (1SS3). 
' See Ber. d. |1. ehern, Gea. xiv. 21U, 25DS, for an mocount of thU moit 
I Jntereating obsecvBtion. 
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Bolution of cauatic soda or with baryta-water, yielding a salt of the 
acid, and the alcohol coiresponding to the baaic radical contained 
in them. Tliia latter hody may be scparated by disti!lation.i 
Acetato of octyl, which occura in tlie oil of Heracleum, would 
thus yield an acetato and octyl alcohoL Certain substitutioii 
acids, such aa methyl-aalicylic acid, might be similarly decom- 
posei; thia, for instance, woiild yield a aalicylate and methylic 
alcoliol. The latter class of compoimda would spüfc up on treat- 
ment with hydriodic acid ; methyl-salicylic acid would thua yield 
iodide of methyl and salicylic acid. 

If the alcohola and iodides thus liberated are tolerably freely 
soluble in water, and therefore not mechanically separable, they 
must ba removed by fractional distillation, in which chloride of 
■calcium and other hygroacopic subatancea may be often usad with 
succesa.^ Their identification should rest upon the determination 
of boiling-point and vapour-density, and the ultimate analysia. 
The same appües in the case of aa ethereal oil containing an 
alcohol a priori. 

Of the alcohola that may be more commonly separated from 
«thereal oils, methyl alcohol boils at Ö8'6°, ethylat78'4°, propyl at 
■SG", isopropyl at BS" to 84'', butyl at 116°, isobutyl at 109°, amyl 
at 130°, paeudo-amyl at 120% hexyl at 157°, heptyl 175-5° to 
177-0°, octyl at 196- to 197°. 

To diatinguish betweeo a primary, aecondaiy, and tertiary 
alcohol, V. Meyer and Locher recommend conversion into iodide, 
Thia is mixod with twice its weight of nitrate of silver and a little 
sand, and distilled, the distiUate shaken with streng Solution of 
caustic potash and nitrite of potasaium, and then acidified with 
dilute sulphuric acid. If a primary alcohol is preaent the mixture 
will turn red, if a secondary, blue (which may bo removed by 
shalting with Chloroform), whilat tertiary alcohola give colourleaa 
producta of decompoaition. In the seriea of secondary alcohola 
the reaction succeeds as far aa amyl alcohol, in the seriea of primary 
alcohola aa far aa octyl alcoho! (Gutknecht). ^ 

The acids separated from the ethereal salta, obtained by decom- 
poeing the alkaü or barium aalt with sulphuric or phosphoric acid, 
may beexaminedaccordingtothe directiona given in §§25, 34, 130. 

1 Cf. Wanklyo, Chem. Newa, xivi, 134. 

' If tba etbereal ealt yield etbylic sjcohol ob a product of deoonipoHtian, 
the nmciunt maylie direotly estimuted from the 8peciGc gravity uf the distillats, 
> See also Heil and Urech, See. d. d. ehem. Ges. xv. 1219 [1SB2J. 
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EXAMINATION OP THE SUBSTANCES SoLÜBLE IN EtHER. 
RESINS AND THEIR ALLIES, 

I ^ 3S. Extradwn. — After the cxamination of the eubstances dia-' 
I Bolved in potroleum-spirit has been carriod as far as posaiblo, 
I the residue (cf. § 9), thoroughly ■washed with the menatnmni, 
I «hould be removed from the filter (which is to be kept) dried at 
I the ordinary temperature, and then macerated for seven to eight 
days with pure ether. It is advisable to uae the same vesael that 
has been cmployed for the treatment with potroleum Bpirit. If 
it haa been well washed there is no necessity for being mioutely 
particiliar to bring the whole of the residue on to the filter. The 
same vessel should, if possible, be reserved for the extraction 
with alcohol, to be described in § it, and the filtration effected 
through the same filter that haa already done duty for the 
petroleum spirit and ether extracts, I allow tiie ether destined 
for tbis purposQ to stand for several weeks over porous chloride 
of calcium, and then rectify it aiter carefully separating tho 
calcium salt. To obtain coustant results in such analysis it ia 
necessary to have the ether as free as posHbh from water and 
alcohol. Ordinary commercial ether would, tor instanoe, extract 
a portion of the tannin (sometimea more, sometimea leas) from 
parts of plants containing that substance, whilst ether, purified as 
described, doea not usually produco this offect. As it is not well 
possible to romove the wholo of tbe tannin with commercial 
ether, I prefer to refrain from extraeting any of tt with that 
menstruum, and removo the wbolo subsequently with alcohoL To 
attain this end I avoid the emplo3'ment of a high temperature in 
extracting with ether. Indeed, I am of opinion that in the course 
of the analysis o£ plants, it is better in tho majority of cases to 
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allow the solvent to act at the ordinary temperature. Some 
instances of special estimations may be excepted in which separate 
portions of the material may be extracted warm. 

After allowing the maceration with ether to proceed for about 
eight days, the first estimation to be made is that of the total 
substances dissolved, which may be eflfected by evaporating 
an aliquot part, or the whole of the extract, in a flat-bottomed 
glass dish. I usually employ a measured quantity of ether, say 
5 to 10 cc, for every gram of substance under examination, 
macerate in a well-closed flask, and replace any ether that may 
have been lost by evaporation during the process. After well 
shaking I take a certain number of cc. of the clear or (cf. § 9) 
filtered liquid for evaporation. The residue must be dried at 
100° to 110*, tili the weight is constant, and this then noted. 
It should be ascertained whether any fatty matter which has 
escaped extraction with petroleum spirit is mixed with the residue, 
and if this is the case it should, if possible, be removed by wash- 
ing with the latter liquid, its weight noted, added to the amount 
found in § 9, and subtracted from the substances dissolved by 
ether. It must also be borne in mind that all fats are not neces- 
sarily soluble in petroleum spirit. It is well-known that castor oil 
forms clear mixtures with certain, but not all proportions of that 
solvent.^ 

The remainder of the ethereal extract is filtered from the 
residual powder, the latter washed, and extract and washings 
allowed to evaporate at the ordinary temperature. The residue 
of the substance is freed from ether at the same temperature as 
speedily as possible. 

§ 37. Chlorophyll — The ethereal extract may also be tested 
before evaporation for Chlorophyll, as described in§§ 20, 132, et seq, 
I have already observed that this substance is more easily and 
completely removed by ether than by petroleum spirit. 

§ 38. Poi'tion Soluble in Water, — That part of the ethereal 
extract which has been evaporated at the ordinary temperature 
may, if possible, be powdered or brought into as fine a state of 
division as practicable by triturating with washed sand or puro 
siliceous earth (Kieseiguhr), and treated with cold water. In the 
aqueous Solution substances soluble in water, such as hcematojryliny 
gallic acid, catechin, pyrocatechin, salicylic acid, henzoic acid^ 

1 Jahrb. f. Pharm. 1876, p. 369 (Year-book Pharm. 1876, p. 356). 



§§ 39, 40. PORTION SOLUBLE IN ALCOEOL. 33 

salicin and other glucosides, and alkaloids may be looked for. The 
latter, however, may, as a rule, be more easily extracted with 
water containing acetic or sulphuric acid. A measured portiön 
of the aqueons liquid may be evaporated, and the residue weighed. 
For the detection of haematoxylin and allied substances see § 150 ; 
of gallic acid, etc., § 151 ; of salicyllc and benzoic acid, §§ 26, 34; 
of glucosides, §§ 54 et seq,, 165 et seq, ; of alkaloids especially, §§ 63 
et seq., 171 et seq. 

§ 39. Portion Soluhle in AlcohoL — The part insoluble in water 
ßhould be again dried and extracted in a similar manner with 
absolute alcohoL If the plants under examination contain much 
resin it will often be observöd that a part only of the resinous 
<jonstituents, etc., dissolves in alcohoL The amount of matter 
Äoluble in alcohol, as well as in ether, must then be determined 
hj evaporating the alcoholic Solution and weighing the residue. 

We have thus determined (a) the total substances dissolved by 
►ether, (b) any fat that may have been extracted, (c) the substances 
fioluble in ether and water, (d) substances insoluble in water, 
Äoluble in ether and in alcohol, and (e) substances extracted by 
^ther insoluble in water and alcohoL 

The next step is to obtain a further insight into the nature of 
the resinous substances soluble in ether alone, as well as those 
soluble in ether and alcohoL 

§ 40. Microchemical Examination, — The microscopical examina- 
tion shows that the resins are present partly in the cell wall, 
saturating it as it were, and partly in the form of exudations 
either within or upon the cells. Special attention should be paid 
to their insolubility in water, solubility in alcohol or ether, to the 
red colour which, according to Müller, is produced with resins by 
alcoholic tincture of alkanna, violet or blue (Hanstein) by aniline. 
Some of the reactions enumerated in § 146 might also be made 
available for microchemical analysis. 

In the macrochemical examination it should first be ascertained 
whether the resin cannot be separated into different component 
parts by the use of other solvents, such as Chloroform, benzene, 
bisulphide of carbon, acetone, acetic ether, or boiling absolute 
alcohol, or finally by precipitating the concentrated ethereal 
Solution with alcohol, petroleum spirit, or other suitable liquid. 
Similarly, if a substance soluble in ether has not from the first 
been obtained in crystals, slow evaporation of the Solution in the 

3 
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last-named aolvents {prepared wann if necessary) should be 
resorted to in the attempt to crystallize the substance, or to 
separate it into a ciystaUine and an amorphous portion. 

If the endeavour^to obtain crystals be successful, the cijstalline 
form should M posaible be detennined, and care should be taken 
to observe whether different crystalline fonns can be distinguiahed 
under the microscope, rendering it probable that the aubstancc 
linder examination is a mixtura^ 

§ 41. Belutviour of Resins lo Beagents. — It will further be of 
special interest to leam whether the substances soluble in ether, 
insolublo in alcohol and watcr, are dissolved by alcoholic or 
aqueous Solution of cauatic potash, in which case there would be 
reason to auspect tho presenca of an acid resin {§ 145). If in- 
soluble in these liquids it might be assumed that the bodj- 
under examination is an ind'iffereiii resin, or a resin-ankydride not 
easily susceptible of decomposition. These and the foUowing 
experiments should be conduc-ted with lai^er quantities of the 
subatanee soluble in ether, specially prepared for this purpose. 

If an indifferent reain or stable resin-anhydidde were present it 
might firat be purified by recrystallization or reprecipitation, etc., 
and then an ultimate analysis made. It should be tosted for 
colour-reactions with concentrated suipburic acid alone and in 
conjunction with sugar. If ethereal Solution of bromine yield a 
Substitution product, ita composition shotild be ascertained. It 
should also be noticod whether the resin-anhydride ia easily 
oxidized and dissolved by nitric acid, or whether that takes place 
only with difficulty ; whether water precipitatea the unchanged 
reain after the action of the acid, or whether oxidation producta 
are fonned ; and if so, what is theirnature, as, for instance, picric- 
or oxalic acid (§§ 81, 219), succinic acid (§ 220). 

§ i'2. Adlon of Fusid Potash.' — It ia further im])ortant to become 
acquainted with the producta fonned under the infliience of fuaed 
cauatic potash or soda.^ The fijiely powdered aubstance, in quan- 

' Tot particulara of a cttae of thia tind, viz. the Separation of a mixture of 
reilns obtained from larch-fungus, aee MAaing, Pharm. Zeitscbr. f. Ruaalaiid, 
Jg. 9, p. 394 (1370). 

' Bitter jellow crjstaU beloüging to the rhombio systtm Bparingly aoluble in 
Gold water, more freely in builiag, Bolüble in alcohol and ether. Ic stains akiti 
»nd woül jtillow, aad jielda a blood-red lir[Uid when an alkaline Bolation is 
wkimed with Cyanide of patnasiuii), Bulphide of potaaaium, or ^rape sugar. 

" . - . . . — jiio und Phnmi, csKüiv. 265 ; 
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tities of not mach more than 10 grams at one Operation, is mixed 
with 6 to S parta of caustic alkaJi, and introduced in succesaivc 
portions into a previously heated silver crueible, and the heat 
continued, stirring occasionally "with a silver spatula imtil the 
mass ia in a uniform State of fusion. After cooling the contents 
of the cmciblo are dissolved in water, and a slight excess of 
Bulphuric or hydrochloric acid added, The decomposition pro- 
ducta, which are specially to be looked for, are butp-ic and 
valerianic acid (cf. §§ 25, 34, 139), pyrogallol, phlorogluoin, 
and resorcin, benzoic (§ 26), paraoxybenzoic, and protocatechuic 
acid. Tho majority of these substances may be removed by 
ether after aeidifying. Volatilo fatty acids might be previously 
extracted by ahaking with petroleum spirit 

Resorcin. — After the fatty acids have been removed by petroleum 
spirit, resorcin may be extracted from the aqueoua liquid by 
ahaking witli ether and distilling tho othereal Solution aftcr Sepa- 
ration. It forma crystals melting at 99°, has a sweetish taste, and 
strikes a dark violet colour with Solution of ferne cHoride, violet 
with clJoride of lime, and rose-red with ammonia. It reducca 
ammüDiacal Solution of nitrate öf silver. 

Pkloroi/lucin ia also Yöry sweet-tasted, and resembles resorcin in 
many of ita reactions, but ia coloured reddish- violet with ferne 
Chloride, and transient reddish-yellow with Solution of chlorinated 
lime. The ardiydroua crystala melt at 220°. 

Pyrotjallol tastea bitter, ia aoluble iu water, alcohol, and ether, 
melts at 115°, reducea ferne to ferrous salta, colours tho latter 
blue-black, and aoparatea gold, silver, platiuum and mercury from 
Solutions of their salta. An alkaline Solution expoaed to the aJr 
rapidly asaumes first a red, then a brown colour ; with lime-water 
it pasaea through a transient violet and pui-pliah-red tint, 

Frolocatechuk Acid has an acid reaction, is sparingly soluble in 
water, strikes no colour with pure ferrous, but yields a dark-green 
Solution with pure fereic salta. With mixturea of both fen'ic and 
f erroua salts a violet tint is produced. The green hquid obtained 
by the action of ferric chloride is tumed red by potash, and then 
aasumes a violet tint on addition of hydrochloric acid, It reduces 
the metal from an ammoniacal silver Solution, but ia distinguished 
from the throe forogoing aubatancea by not reducing alkaline tar- 
trate of copper. With acetat« of lead it yields a precipitate 
soluble in acetic acid. 

3—2 
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jPaTooxyheTizoiG Acid melta at 210°, dissolves vrith difficulty in 
cold water, and gives, vrith ferric chloride, a yellow precipitate 
eadlf soluble in exceas. 

For Orcin and JBelaormi see § 158.' 

§ 43. Dry Distülaiion of Eedns. — It haa already been mentioned 
in g 27 that the diy diatillation of part of tho resin may lead to 
nseful results. Besidea the umbelliferone mentioned in that 
secfion, pi/rocalechin (§ 151), ^ijTogaUol, etc., should he bome in 
mind. The first of thcse subatanccs is Suoroacent, and diasolvcs 
in boiling watfir, alcohol, and ether ; the second strikes a green 
colour with Solutions of ferroso-ferric salts. 

§ 44. ExamiiMlion of Pffrlifm Soluble in Alcohol. — The rcmainder 
of the mixtnre of resina extracted ,by ether — that is, the part 
soluble in alcohol — may be tested as directed in gg 40 to 43. 
Acid resins will be found here more frequently than in the 
portiou insoluble in alcohoL If the resin soluble in alcohol 
diaaolves either partially or wholly in an aqueons Solution of 
potash as well, the Solution in the latter liquid may be ahaken 
with cthor to ascortain if any substance can be removed by that 
solvent It was by this means that I isolated pcEonioßuorescin 
from peony-aced (§ 147). Ckiysophanic acid and allied substances 
(5§ 148, 149) ahould also be tested for, as well as querciinn, 
quercetin (g 152), and the bodiea discusaed in g§ 150 to 158, 

g 45, Acids Produced hy Aclioji of Alkalies. — Attention must 
further be paid to the fact that the action of canatic alkaliea on 
certain ankydrides nearly related to the resins— as, for inatance, 
sanionin — may result in the fonnation of alkali salts, which are 
not of neceaaity, on the addition of exceas of acetic or hydrochlortc 
acid, inatantly decompoaed with reproduction of insoluble anhy- 
dride. In the case of santonin, santonic acid is liberated on 
acidulating the alkaline aqueous Solution. Any ordinary acid 
reain mixed with it may be removed by precipitation with hydro- 
chlorie or acetic acid and immediate filtration. The santonin is 
depoaited only after standing several daya, but can be extracted 
at onoe by shaking with chlorofonn, A method that I have pro- 
poaed for the estimation of santonin ia based upon thia fact, and 
will be deacribed in g 154. 

46. Bireä Exlraclion u-Uk Elher. — A portion of the powdered 

material may, without further treatment, be extracted with ether, 

For ferulio actd compare Jahrb. f. Fharinacie, 1 SGS, p. £ 
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and the substances thus dissolved estimated. In the majority of 
cases the weight will be the same as the sum of the substances 
extracted by petroleum spirit according to § 9, and ether according 
to § 36. If there is a deficiency, the residue should be treated 
with petroleum spirit, in which case attention would be directed 
to a substance other than an ethereal or fixed oil. The residue 
after exhaustion wiüi ether, and, if necessary, petroleum spirit, 
may be dried and boiled with cHoroform or bisulphide of carbon, 
to ascertain if such substances aa caoutch(mc, etc. can be extracted 
(§ 127). 
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examination of the sübstäsces solüelk in absolute 
Alcohol. 

rksins, tannins, bittek principles, alkäloids, 
clucoses, etc. 
§ 47, Eidradion. — The resklue of the substance under examina- 
tion after exhaustion with petroleum spirit and ether (cf. g 36) Is 
removed from thß filter, dried at thQ ordinary temperature, and 
treatod with 10 cc. of absolute akohol for every gram of original 
aubstance, After the lapse of five to seven days the alcohol lost 
by Tolatiüzation is replaced, and the whole well shaken. It ia 
then filtered fchrough the same filter that haa boen used for the 
previou3 Operations, any evaporation of alcohol being prevonted 
as carefully as possible. A meaaured quantity of the filtrate is 
nezt evaporated in a tared platinum dish and dried nntil the weight 
noted ia eonatant. It is then incinerated, and the ash dedneted from 
the weight of the dry substance. After having thus cstimated 
the lolal organk Tnatter insolnhle in petroleum spirit and ether, 
bat aoluble in alcohol, the reaidue on the filter raay be washed 
with absolute alcohol, and the washings, with the remainder of 
the filtrate, concentrated. This niay best bo doßo by distilling 
in a fiaak, under diminiahcd pressure, Tho liquid remaining 
after distillation is poured into a glasa di sh, and allowed to eva- 
porate, at tha ordinary temperature, over snlphuric acid. 

§ iS. Eslimation, of Portion Soluble in JVater. — The dry residue 
thns obtained is firat treatod with a measured quantity of watcr. 
To ascertaiu the amount soluble in this menatruum, as well aa in 
alcohol, a measured quantity of the Solution is similaily evapo- 
rated, dried at 110', andweighed. 

The remainder of the aqueoua extract ia reserved for the 
cxperiments detailed in §§ 49, 50, 70 ; that which ia insoluble in 
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ivater is treated \vith water containing a littla ammonia (1 in 50) 
aa long a,s anything is removed. The ammoniacal extract may be 
«vaporated with a slight excess of acetic acid, the reaidue rinsed 
■on to a filter with a, littlo water, washed, dried, and weighed. 
The brownish mass thna left oq the filter is, as a rule, to be 
regarded aa phlobaphene {§ 108; see also gg IGO, 163), re- 
sulting from the decomposition of tannin. The portion of the 
itqueous extract insoluble in ammoniacal water may be again 
«Iried over sulphnric acid, and then subjected to similar treat- 
ment as the reain soluble in ether (cf. ^ 39 to 45 ; 145, 146). If 
there is reason to auspect the preaence of an alkaloid soinble in 
alcohol, but insoluble in ether, the residne, after treatment with 
ammoniacal water, may be digested with water containing a little 
snlphnric acid. (Foralkaloids6eeg§55,eis&2-; G3,etseq.; 171, et seq.) 



EXAMINATION OP THE TANNIN, 

g 49, Detectw7u—lt the aqueous Solution obtained from the 
evaporation residne of the aJcohoIic extract is coloiired blue-blacJc 
by a feiToso-feiric salt and precipitatcd by gelatine, Solution of 
acßtate of lead ia tö be added in slight excess, The resulting pre- 
cipitate is inimediately eollected on a tarcd filter, washed with 
water (not too long, three or four times, with 3 to 5 ec), dried, 
and weighed (^ 52, I.). It is then removed from the filter, which 
ia burnt in a porcelain orucible with a Kttle nitrato of ammonia ; 
the precipitato itaelf ia next incinerated, and the whole finally 
ignited in the blow-pipe flame until the weight is constant. Thia 
ia then deducted from the weight of the procipitate, and the re- 
mainder noted as tannic acid, or bitter principle precipitatcd by 
oxido of lead, or vegctable acids precipitated by lead (§ 80). The 
filtrate from the lead precipitate ia treated accordiug to § 70, 

§ 50. Deledim. continued. — The same treatment ia repeated with 
a similar qnantity of the watery extract obtained in g 48, snbsti- 
tiiting acetate of copper for acetate of lead (§ 52, IL), Here, 
too, the amount of oxide of copper in the precipitate ia tö be 
determined by following the same directiona and deducted from 
the weight of the precipitato. If the eatimation with the copper 
Salt yields the same reault as that with the lead, it is tolerably 
certain that only tannic acid haa been prccipitated. But if lead 
throws down more matter than copper we are generally justified 
in aasuming that the former precipitatea siibstances other than 
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tonniD, Buch as other acida, or "bitter principles, tho amouat of 
which may be approximately determined by doducting the weight 
of the organic matter contained in the copper precipitate from 
that contained in the lead. Under theae circumatancea the weight 
of tlie organic substances precipitated by coppcr sometimes re- 
presents approximately the tannin containod in the matcrial 
(.^ 52, 80). It must, however, be admitted that the great differ- 
eace in the tannins occurriag in oature prerents sach a residt 
being looked for in every case, 

' g 51. Reaciwns. — The following reactions are common to all 
tannins : they are precipitated from aqueous Solution by gelatine, 
by many albuminoua substances, by acetate of lead and copper, 
etannoua chloride, etc. ; they rediice, at least when warm, altalino 
Bolution of copper as well as Solutions of gold and silver aalts; 
they atrike an inky or dark-greea eoloui with ferroso-ferric salts 
and tranaform skin into leather. Some tannins are precipitated 
by mineral acids, by tartar emetic and by alkaloids, but it i« 
frequently obaervable that an alkaloid and tannin which occur 
togethcr in the same plant do not form an insoluble Compound. 

For the microscopic detectim of tannin tho reaction with iron 
ealts may be made uae of. Cella containing tannin are moreover 
colouied reddish-brown with bichromate of potash, violet-red 
with aniline and reddish or violet with dilute Solution of chlorido 
oE Eine and iodine. (See note to § 249.) 

The great difference shown by the varioua tannins {§ 159 et seq.) 
makes it exceedingly difficult to give any general rulea for their 
estimation. Some of my pupUs^ have therefore at my instonco 
tested the behaviour of the moro important tannins to the re- 
agenta that have been recommended for their quantitative estima- 
tion. Before I give a short rdsumi of the rosulta they have 
obtained I should liko to obaerve that, in my opinion, the estima- 
tion of the tannin in the alcoholic extract, prepai'ed as I havo 
described, ia preferable to the determination in the aqueou.s ex- 
tract, provided of courae that thematerial isveryfinely powdered, 
that the tannin is insoluble in ethei free from alcohol, and tbat tlio 
alcoholic hquid has been evaporated under diminiahed pressure 

' Compare Günther, Pharm. ZEitachr. f. RuBslsud, Jg, 1870, pp. 161, 193, 
225, and ' Beiträge zur Kenntnisa der in Suniuch, MyrobiilaneQ etc. vorkom- 
menden Gerbsäuren,' Diea. Dorpat, ISTl, aud uther Durpat dissertatiüns Bub- 
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and dried as directed in g 47. Oqö advantage in employing: 
alcohol to extract the tannin, aa already recommended by Loewe, 
is the exclusion of the vegetable mucilage (so-called pectin) and 
eimilar subatances which may under certain conditions introduce 
a very great error into the estimation. Another reason in favour 
of the UBB of alcohol ia to he found in the fact that, ff the material 
contains a lai^e quantity of aibuminoua matter, water will fre- 
qoently only partially removo the tannin, and that many tannins- 
are much more eaaily dccomposed by evaporation in an aqueous 
than in an alcoholic Solution. It luay happen, it ia true, that cold 
absolute alcohol will not in aome cases extract the whole of tho 
tannin froni vegetable siibstances that are very rieh in albumen, 
but even in such cases I would prefer treating the residne, after 
extraction with other, with boiling alcohol to exhausting it with. 
water. (See also §§ 95, 162.) 

Special emphaais niust, however, be laid on the importance of 
getting rid of the whole of the alcohol by distillation, if that men- 
struum haa been employed, aa almoat all tho foUowing dctermina- 
tions of tannin are mado in aqueoua Solution, and the admixturo 
of even siuall quantities of alcohol might cauae great error. 

§ 52. Let ua now review the moro important methoda that 
have been recommended for the eatimation of tannin. 

L Acelale of Lead. — Pribram' has proposed precipitation with 
neutral acetato of lead. If care be taken not to introduce too 
great an excesa of the precipitant, the precipitation of most 
tannina ia tolerably complcte, and it is only in the case of gallo- 
tannic acid, catechu-, kino-, and cafToo-tannic acid that part remaius- 
in Solution on account of the slight solubility of the lead aalt. 
But aa tlia precipitatea are not invariably of conatant composition 
it is dlfficult to estimate the tannin by titration with lead Solution. 
Some of the precipitates (tannic acida from oak- and willow-bark^ 
are decomposed by prolonged washing with water, the tannic acid 
partly pasaing into Solution and undergoing change. It was for 
these reaaons that I have recommended the precipitation to be mode 
in not over-dilnte aolutions, and directod that the waahing should 
l not be continued too long, and that the tannin should be deter- 

^ ZeiUchr. f. anal. Chemie, v. 455 (ISetl). Compare alao Jacobson, Chem. 
tschn. Eoport, 1866, ii. 85 ; Stein, Schweb, polyt. Zeitsehr. ü. 160 ; G[eU, 
Zeitiichr. f. anal. Cllemie, xi. 144 (1S72) ; and Schmidt, Zeitnchr. d. öaterr. 
Apotheketvereins, xiLp. 371 (1874) ; (Am. Joum. Phum. 1874, 427). 
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mined from the oi^nic matter in the diied precipitate. In this 
ivay the tannin in rhatany, tormentilla, sumach, divi-divi, myro- 
balans, knopper-galls, oak-bark, and willow-hark may generally 
be Batisfactorily eatimaited. Gallo-tannic actd at times also yields 
Ijood resTilts. 

n. Acetale of Copptr has been suggested by Sackur' as a 
precipitant for tannin. The composition ofjj^the precipitate is, 
however, seldom constant even ivhen working with the same 
tannic acid ; and here, too, it has proved advisable to precipitate 
in tolerably concentrated Solutions, not to wasb too long, and to 
■estimate the tannin gravimetrieally, as above described. 

ni. Slannmts Chloride and AmTiumiaad Slannom Chloride, which 
have been recommended by Risler-Bennat' and PerBOz,^for the 
■eatimation of tannin, precipitate most tannic acids less completely 
than the two foregoing raagenta. The precipitates moreover form 
slowly, but are in the majority of cases tolerably constant in 
compositioa On account of the solubility of the precipitate in 
water, the eatimation ^vill hcre, too, be most accurate when the 
ivashing is not continued too long, the precipitate dried, impreg- 
nated with nitrate of ammonia, ignited, and the resultlng oxide 
of tin weighed. The loss by ignition gives the weight of the 
tannin. But aince the advantage in obtaining -precipitates of 
■constant composition cannot compenaate for the deficiencies of the 
method already mentioned, I have not further thought of employ- 
ing thß precipitation with stannous chloride for the purpoaes we 
have now in view. 

rV. Tariar Emelic, which has been recommended by Geiland* 
and Koller* for the Volumetrie estimation of tannin, will yield 

' Gecberzeitimg, ixii. 32. See also Wolff, Krit. Blätter f. Forst und 
Jagdwissenadi. xliv. 187; Fleok, Wagner'e Jahreabar. t. tochn, Chem. Jg. 
1S60, p. 631 ; Hallwacha, Zeitechr. f. anal, Chem. y. 234 (1866). 

= ZMtsohr. f. anal Ohem. ii, 287 (1803). 

■ Traitii do ITnipression de» Tisaus, i. 282. The remüla obtained bj the 
metliDd cecommended bj Feraoz, in whioh the amount of tannin ia calculated 
from the volume nf the precipitate, &rc, according to Gauhe (Zeitschc. f. anal. 
Cbeni. iii. 130, 18B4) and Cach (Stud. über quant. Best, der Gertaäuren, In- 
nugural Dissertation, Heidelberg, 1867), too high. I avaü mjself of this 
opportunity to draw attention to the works of the two laat-named authors, 
which nre intended as a critical revie w of the more impoctant methods of 
eatimating tannio acid. (See Procter, Pharm. Joum. Trans. [3], rii. 1020 ; 
Alteo, Commerciat Organic AnaljaU, London, 187Q.) 

* N. Jahrb. f. Pharm, iivi 20 (1866} ; (Amer. Joum. Pharm, xxxv. 519). 

' Kolter emplojed tbia method in estimating the taimic acid in orange-peel 
<N. Jahrb. f. Pharm, xiv. 206, 1868). 
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aatisfactory results in aome few caaes only, because, even if the 
Solution be mixed with chloride of ammonimn, it is difficult to 
aacertain when a BufRcient quantity of the roagent haa been 
added, and because Bome of the tannin precipitates so produced 
are rapidly decompoaed. Some tannina {rheo-tannic acid) are not 
precipitated at all by tartar emetic 

V. Ammoniaml Solution of Acetate of Zinc — This reagent 
«bould, according to Terreil,' Carpen^,^ and Barbieri,^ be used 
in the following manner for the eatimation of tannic acid. The 
liquid to be precipitated is brought to the boiling-point, an excesa 
of the zinc Solution added, and, after concentration by evapora- 
tion, the roixture is'cooled and filtered. The precipitato ia then 
dissolved in suliihuric acid, and the tannin cstimated by titration 
■ffith permanganat£ of potassium. I must admit that aome tannic 
acida may be dcterrained in thia manner, but I must alao draw 
attention to the fact that all tannins occurring in vegetable 
substaacea do not exercise the same influence on permangajiato of 
potasaium ; that is, one tannic acid may diffor from another in 
tbe amount of penaaagaaate a giveu quantity can deeolourize, 
and thia value of the tannin in tenna of pemianganate must in 
many cases be first determined. It is partly on this account that 
the estimations of fho tannin in wine, made according to this 
method, are of but little value. 

VI. Ferrie Acelaie, in conjunction with acetate of soda, has been 
llsed by Handtke' for tlie eatimation of tannic acid in oak-bark, 
valona, divi-divi, auraach and catechu. He found the reagent un- 
8uited for the precipitation of the tannin present in Rheum, various 
«peciea of Filex, coffee and other plante ; and even with the first- 
named substances it was only when the concenti-ation was auch 
that the precipitate contained 45'8 per cent of oxide of iron that 
the eatimation yielded satiafactory reaults. 

Still leas feasibJe is Wildenstein's^ colorimetric examination, 
which is based upon tho int^nsity of the colour produced by the 
Solution on paper irapregnated with ferrie citrat«. 

Vn. Titration wtth PeTtimnganate of Potassium.. — Monier,^ Cech,'' 

1 ZeitHohr. t. anal. Che», »iii. 243 (1874). 

»Ibid. IT. 112(1878). 

» IbJd. ivi. 123 (1877). See alao KaUireiner, ibid. xvüL 113 (1879). 

■• Journ. f. pr. Cham. luxi. 345. 

' ZeitBchr. f. aaaL Chemie, ü. 137 (1863). 

* Compt. read. xlvi. 447. ^ Lot. dt. 
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Löwenthal,! an^ others, havo shown that thc tannin contttined in 
maay vegetable siibstaDces may be estimated with sufficicnt 
accuracy for technical purpoBea by titrating y/ith Solution of per- 
manganato of potassium. In dealing with vegetable infusions, 
howevei', almost all authors agree that if a satisfactory reault is to 
bo obtaiued the Solution to be titrated must be very dilute (aboat 
1 in 400), and the oxidation incompletc Löwenthal and othera 
have found the following to be the most advantageoua method o£ 
procedure. The liqiüd linder examination ia mixed with a measured 
quantity of Solution of indigo-carmine, tho value of which, in terms 
of permanganate, haa been previously detemiined. The pemtan- 
ganate Solution ia theii run in tili the blue colour changea to green. 
The value of the pure tannin in terms of the reagent must have 
been previously determined by experiments with weighed quanti- 
ties of the same. By such experiments Günther ascertained that 
16 parts of oxygen from tho permanganate oxidized 32'5 parts 
of gallo-tannic acid, 33-0 of sumach-tannic acid, 25'0 (5-54) of 
catechu-tannic acid, 24'0 (5-32) of catechuic acid,^ 28'0 of Mno- 
tannic acid, 34 to 37 of rhatania-tannic acid, 35 of tormentilla- 
tannic acid, 34 of caffeo-tannic acid, and 32 of oak-hork-tannic acid. 
Neugebauer^ eatimated the tannic acid in oak-barka with per- 
manganate by taking advantage of the power possessed by animal 
charcoal of absorbing tannic acid, and thus removing it completely 
from its aqueous Solution. He divided the infusion to be ex- 
amined in two equal pai-ts. The one was titrated direct with 
permanganate, thc other after the absorption of the tannic acid 
by animal charcoaL The amount of tannin present waa then 
calculated from the difference, the assumption being made that 
the aubatancea which acted upon permanganate in the liquid after 
treatment with animal charcoal were f oreign bodies. Läwenthal{8ee 
below) titrates a part of tho tannin Solution direct, another part 
after precipitation mth Solution of gelatine (XIL). From the differ- 
ence in thc quantity of permanganate used the tannin is calculated. 

' Jonrn. f. pr. Chem. li:i[xi. 150. 

* Owing to a mistake in the calculationa, the Sgnres here given toT cateohu- 
tannic Eicld and cateohuio acid are much too high. The cotrect numbers are 
placed in brackets after them. Lehmann, in checking tbe experimentB (Vergl. 
Unters, einiger Catechii- und Gambier-Proben. Disa, Dprpat, 1880), founl 
that IS'O partt of oxygen were äquivalent to 5'14 partsof catechu-tSinmc acid 
and 4'84 catechin. 

' Zeitachr. f. anaL Chem. x. 1 (1871). 
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[f 3 Solution contain Ijoth gallic and tannic acid, or cateehin 
and cateohu-tannic acid, both may be approsdtaately estimated 
by Löwen thal's method. {See also g \Qi,etseq.) Tlie addition 
of gelatine as directed by him iatroduoes only a elight aource of 
error, which may be generally noglected. 

VIII. Chlorinated Lime. — Löwenthal^ has titrated with cUori- 
nated lims in the presence of indigo carmiae in tbe same way as 
with permanganate of potassiuia, bnt the estimations generally 
yield too high results in consequence of the impuritics present. 

Cech^ haa already exj)resse{l an unfavourable opinion of tbe 

propositions of Commaille* and Millon* to malte the Separation 

of iodirie from iodic add by tannin the basia of a method f or ita 

quantitative estimation. The decolourization of a Solution of 

iodine by tannic acid in the presence of carbonate of soda haa 

been recommended by Jean^ for the quantitative estimation of 

tannin. He states that 1 part of gallo-tannic acid docolourizes 

4 parts of iodine, and reserves to himself the dctermination of 

tho value of other tannins in terms of iodine. He admit3 that 

gallic acid also acte upon iodine, and advises, when both are pre- 

. sent, first to make a total estimation, and then determino the 

r gallic acid alone in a second portion of the liquid, after the tannic 

l acid has been removed by gelatine or hide. The Solution of 

I tannic acid for standardizing shonld contain 1 part in 1,000 of 

■wat«r. Before titrating, 2 cc. of a 25 per cent. Solution of cryst. 

I carbonate of soda should be added for every 10 cc. of tannic acid 

I Bolution. It must be observed that here, too, many organic com- 

I pounds would act in a similar mannor to tannin. 

IX OxidatioR, — For the estimation of tannin Mittenzwey'^ haa 
[ ATailed himself of the fact that an alkaline Solution of tannic acid 
I rapidly absorba oxygen from the air. In the analyais of plants thia 
1 inetbod will aeldom be of any valuc. Cech haa already shown that 
I Jt yields unsatisfactory results with the tannins usually employed. 
X. Titration with Cinchonijie. — Wagner ^ has propoaed titration 
f with sulphate of cinchonine, nsing acetate of rosaniline as an 



' Loe. eit. * Loc. dt. 

* Annales de Cbimie et de Phja. [3], : 
>Zelt8chr. f. uisl. Chem. xvi. 123 (1377). 

* Joum. f. pc. Chemie, xci. Sl, and Zeitschr. f. anal. Chemie,! 
I See also Terreil, Zeitaehrift des östeir. Apothekervereins, Jg. xl 

'ZeitKhr. f. unü. Chem. v. 1 (1S66]. See oIho Solxer, ibid. 1 



ä Compt. cend. lix. 5B9 (1864). 



. 484 (1SG4). 
377 (1874). 
■.70(1868); 



KSncbner, ibid. 1S9 ; CUrk, Amer. Jouro. Fiiano. ilviü. GS8 (1S7S). 
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indicator. But tho majority of those who have workod. tho process 
have faiied to obtain good results, Almost all of them have fouiid 
that the assumption that rosaniline would not colour the liquid unti! 
all tho taanin had been precipitated by the cinchonme, was truc 
of certain tamiiiw only, and not of all. It has heen shown that, 
with some taniiins, the appearance of a red tinge in the Bointion, 
which is Said to indicate the end of the reaction, may be noticed 
long before all the tannic acid has been precipitated. In many 
casea better resnits might be obtained with cinchonine If the 
tannic acid were precipitated by an excesa, the liquid filtered and 
the exccss of cinchonine in the Ultrato dotermined by titration 
with potassio-mercuric iodide. Thia method has been adopted 
by Clark in estimating the tannic acid in tea. (See g 65.) 

XI. Gelatine and Eide. — The behaviour of gelatino and hide 
to tannic acid is often made use of in the estimation of 
tannin. The estimation may bß made either by determining 
the incroasB in weight of a piece of hide, proviously freed from 
aubstances solnble in water and potroleum spirit by digestion in 
those sölvents, when allowed to lie for some time in the Solution 
of tannin, or by ascertaining the specific gravity of tho Solution 
before and after the absorption of the tannic acid, and calcnlating 
the amount from the differcnce. Hammer' haa constructed a 
table for gallo-tannic acid, from which the amount of tannin can 
be directly read off. If this nacthod of estimation is to be adopted, 
a Bimilar table would have to be constructed for other important 
tannic acids, showing the relation between the difference in specific 
gravity and the amount of tannin preaent. 

XIL Gelatine : Graviinetric Process. — Precipitation of the tannin 
by gelatine, and caiculation of the amount present from the weight 
of the precipitate, has also been ti'ied. But the disadvantages 
which present themselves hero are that these precipitatea are 
iieither sufGciently insoluble nor constant enough in compoaition 
to allow of their being made the basis of a gravimetric estimation ; 
eapecially in waahing the precipitate with pure water, conaiderable 
quantitiea of tannic acid are removed. 

It is, therefore, most advantageoua to apply the precipitation 

' Joum. f. pract. Cham, clxxsi. 159, See also Löwe, Zeitachr, f. anal. 
Chem. iv. 365 (1865), and Hallwachs and Cech {hc. dt.). Da.vj haa »Iready 
eatimated tannic ad<t graTimetricall; Iiy fmplojüig bide {Chem, Newi, 1863, 
p. S4, and ZeitBchr. f. anal. Chem. ü. 419), 
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irith gclatine in the following manner : A eolution of that sub- 
stance — the value o£ which, in terms of the tannie acid to he eati- 
mated, has been previously ascertained— is nin into the Solution 
in which tannin is to be determineil as long aa precipitation 
occurs. The gelatine Solution shoiüd bo mixed with some salt, 
diminishing the eolubility of the tannato of gelatine. For the 
latter purpoae the addition o£ almn has been recommended 
(Müller'). The proposal of Schulze^ to use chloride of ammonium, 
or of Lüwenthal to add common salt and -^ voL of hydrochloric- 
acid {specific gravity 1-12), appeara better. A Solution of gallo- 
tannic acid may bo saturated with theso salts ; but in the caso 
of other tannina {from oak, willow, and elm bart) a amaller 
quantity raight be preferable. If Löwenthal's modification be 
adopted, ib ia advisable to stir the liquid vigorously for five 
minutes after each addition of the gelatine Solution. Tt has 
alroady been determined by Günther that the various tannins 
differ in the amount of gelatine they are capable of precipitating. 
He found that 100 parts of gelatine precipitate, in the presence 
of Chloride of ammonium, 77 parta of gallo-tannic acid {according 
to Johanson 120 parts of tlry tannie acid), 132 (Lehmann, 139) of 
catechu-, 130 kino-, 130 to 133 rhatania-, 130 oak-bark-, and 168 
of tormentilla-tannic acid. As ia well-knoivn, galhc and catechuio 
Bcids do not precipitate gelatine. 

§ 63. Gallk and Catechuio Aäds. — If one of these two subatances 
is to be looked for, the tannie acida should be first precipitated by 
gelatine, the excoss of gelatine by alcohol ; and after the alcohol 
haa been removed by diatillation under diminiahed pressure, gallic 
or catechuic acid may be isolated by shaking with ether or acetic 
ether. If care has been taken to avoid using a large excesa of 
gelatine, the treatment with alcohol might be omitted ; and in 
many cases it would he poasible to agitate even the aqueoua solu- 

1 Arohiv d. Pharm, xxiviü. 147 (1845). Gauhe did not nicceed !ii hls ea- 
deavniir to find an indicator (indida of atarch) to ühow tbe final reactioQ in 
titrating. Coropare Zeitachr. f. anal. Ctem. y. 232 (1868). Neither waa 
Oech quito BatJsSed with an iroa Solution ueed for the saiae purpostj. Seealeo 
Hftllwaohs (ta;. dt.). 

' Zeitschr. f. snal. Chem. v. 455 (ISSS). Compare also Salzcr, ibid. vü. 70 
(1868), and Jobanson, ' Beitr. z. Chemie der Eichen, Weiden, und Ulmenrinde,' 
DiM. Dürpat, 1875, pp. 72, 78. Also Lehmann {loc. ät.). A more racent 
critical review of the more important methods for estiniating taimic acid by 
Löwentbal will be found in the Zeitachr. f, anal, demie, xvi, 33, and 201 
(1S77), and xx. Sl (1881). 
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tion (5 48) directly with ether, rcnewing the solvent four or fire 
times, Oq evaporating the ethereal soIutioD, both gallic and 
catfichuic acids rcmain behind in a. cTyatalline form, generally 
needles felted together. (Cf. ^ 151, 165.) 

The weight ot the dried reaidue frequently indicates with 
tobrable accuracy the quantity of the substance present ; but if 
the residue be mixed with much colouring or amorphous matter, 
so as to cause some hesitation in accepting tho weight as correct, 
the result obtained may bo verified by titration with permanganato 
of potasL (See above.) If the material has been extracted with 
ether previous to treating with alcohol, gallic and catechuic acids 
ivill he found in the aqueoas Solution from the ethereal extractL 
<Cf. g§ 38, 151.) 

For the free vegetable afiida which may occur in the alcoholic 
cxtract seß g 82. (See also in § 159.) 

ESÄMINATION FOR GLUCOSIDE.S, BITTER PRINCIPLES, 
ALKALOIDS, ETC. 

§ 54. Exlradion hi/ Agitation. — If no tannic acid or allied sub- 
stance baa been found in the aqueous liquid {§ 48), but by tho 
bitter taate or other properties the presence of a bitter principle, 
glucoside or alkaloJd insoluble in ether but soluble in water ia 
suspectfid, the watery Solution propared from tha evaporation 
residue of the alcoholic tincture may be suhjected to consocutive 
treatment with various liquids which, being themselvea inaoluhle 
in water, are adapted for removal of suhstancea in Solution by 
Agitation and Separation. The aqueous Solution from tho ethereal 
extract (§ 38) may also be treated in a einülar manner. The use of 
petroleum spirit, benzene, and ehloroform may be eapecially recom- 
mended for thia purpose ; they should be employed in the order 
in which thoy are named, and the liquid should be rendered first 
slightly acid ivith sulphuric acid, and subaequently alkaline with 
ammonia; I have spoken at length on this subject in my 'Ermit^ 
telung der Gifte.'^ After oach agitation, tho solvent should be 
separated, washed once by shaking with pure water, again 
aeparated, evaporated to drynesa, and the residue examined If a 
solvent, as for instance petroleum apirit, rcmoves any appreciable 
quantity of a aubatance, the agitation with this liquid should be 

' P. 119. Compara also Rass. Archiv für gBrlclitl. Med. J, L und Pbainx. 
Zeltachr. f. Buaaland, y. 85 ; \i. 663. 
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repeated until only tracea of the substance are dissolved. Then, 
and Dot tili then, tlie same treatment is repeated with the ntxt 
solvent, and so on. All liquida employed for agitation must be 
rectifted shortly before being med. Petroleum spirit must be 
as volatile aa possible ; l>eiizene should boil constantly at 81° C, 
and yield nitro-benzene when treated with fuming nitric acid. 

ä Ö5. Frojii Acid SolviUm. — Of the better-known bitter prin- 
i ciplea, acids and alkaloida removed by petrokum spinl from an acid 
Solution, the foUowing may be mentioned : 

ScUic>/Uc acid {cf. g 26). Pungeat prindples of capsicum, etc. 
(§ 12C). (Both of theae would have been already detected in 
the othereal oxtract, Salicylic acid may be more easily removed 
by benzene or ether.) Fiperin^the majority of thia principle 
will be foimd in the part of the alcoholic extract insoluble in 
wat«r (compare forther ^ 171, 178). AbstpUhin^ cannot be 
completely removed by petroleum spirit (§ 156). Sop-resin 
5156). 

Bänzene removea from the aame aolution sanionin (cf. g 154) ; 
taryophyllin, (g 156) ; cuhebin (g 155) j digilalin (remaina prineipally 
in tbat part of the ethereal extract which ia insoluble in water 
(cigl55); jraiWtn (§ 167); cascttriZ/m (§ 156); e/a(m» (§ 156) ; 
popvlin (§ 167); cdlocyiäkin {% 167); absyiäkin (g 156); ^uassia 
(§ 156); menyanthin {§ 167); ericolin (§ 155); dapknin {% 167); 
liiter principle of Cniais benedktus (ä 168) ; caffeine {^ 171, 176) ; 
fipcrin {see above) ; colchiceme (^ 171); fterimne ia diaaolved by 
benzene in small proportion only (compare g 171). 

Besides the substanccs already named aa being dissolved by 
petroleum spirit and benzene, Chloroform romoves also among 
others : Benzole aeid (c£ g 26) ; digiialein. (sparingly Boluble in 
cther, §155); conuallamarin (§167); saponin (insoluble in ether, 
diffieultly soluble in absolute alcohol, g 77 et seq., 167); senegtn 
(the «a.iaß) \ physalin (§ 167); syringin (g 167); asculin (§ 167); 
Picrotoxin (g 155); helUiorein (g 167); änohoniite (ia inaoluble 
in ether, ^ 171, 182, 184); tkeobromine (§ 177); papaverine 
(§ 171); narceine (§ 171). Colchidta, solanidine, quebrachiTie, 



§ 56. From Alkatine Solution. — After the last i^tation with 
Chloroform the aqueoiw liquid should be shaken whilst still acid 
with petroleum spirit. This removes the small quantity of 
Chloroform remaining disaolved by the watory liquid. An error 
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might be made in oiiiitting this treatment, aince on rendering 
alkaline and shaking with petroloum spirit this solvent would 
take «p a little Chloroform and would consequently be no longer 
pure. After, therefore, the remainder of the chiorofomi has beeil 
removed by petroleum spirit, the liquid luay be mado alkaline 
with ammonia, and the agitation with the same solvents repeated 
in the same order. In addition to these three Uquids I have, 
however, after agitation with Chloroform, employed amylic alcohol 
for detecting certain poiaons. It removea morphine, sdanine, 
(§ 171), salicinc (g 167), and some other sabatances from their 
aqueoua Solutions with special facüity, 

It is principally alkaloids tliat are removed by petroleum spirit, 
etc., from ammoniacal Solution. Petroleum spirit disäolves, for 
instance, traces of slri/cknine, l^uciae, emeline, reratine, sabadillme, 
and sahatmit. All these substances ai-e, however, more easily and 
completely taken up by bonzene and Chloroform. 

But petroleum spirit is spccially valuable in the examination 
for the so-calied volatile and, at ordinaiy temperaturea, liquid 
ftlkaloida, sünh 9s c«iiine, methylconime (and conJtydrine), iitku- 
tine, lobelüne, s^iarteine, alkaloids in pimenio, capsicttm and 
Sarracenia purpuTta. Aniline, inmethylamine, and allied sub- 
stances are also dissolved by it (^ 171, 239). lu examining for 
volatile alkaloids I have advised agitation of the aqueoiis liquid 
with petroleum spirit, and eraporation of the solvent, after Sepa- 
ration, at a temperature of about 20°, on glaas diahes previously 
moistened with streng hydrochloric acid, on which the hydro- 
chlorides of the allialoids will partly, at all eventa, remain 
behind. A freshly-prepared dilute Solution of hydrochloric acid 
gas in ether may be advantageously substituted for the usual 
aqueous acid. 

Benzene removes from ammoniacal Solution, in addition to tho 
alkaloids already mentioned, atropine, hyosoyamiTie, physostigmine, 
pUocarpine, gelsemine, taxine, jumirfine, narcoiine, codeine, thebaine, 
delphinine and delphinoidine, aconiline, aspidospermitie, pereirine, and 
a trace of cinchmine. (Cf. § 171.) 

In addition to these, again, cUorofm-m dissolvea from ammoniacal 
Solution cinchoRine, papaverine, TUirtxim, nupliarint, ihe alkaloids of 
celaruline, and small quantities of morphine (§ 171). 

g 57. Direcl Tests for Glucosides, Alkaloids, etc. — The number of 
acids, glucosides and alkaloids (c£ g 21) that may be isolated by 
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this mcthod of agitation is doubtleas very large, and by mabing 
the required experiments the list given in the preceding section 
might be rendered far more complete. It ia this very fact 
that renders the method ao suitable for the qualitative exami- 
nation of those plants and parts of plants the constituents 
of which aro at present unknown. Of course, it is possible to 
employ infusions which have been prepared by digesting tho 
material under examination with water on the water-bath, instead 
of aqneous solutiona from the ethereal or alcoholic extracts. This 
vould especially he the case if acids, bitter priaciplea and gluco- 
sides are to be looked for. Alkaloids may likewise he tested for 
by digesting tlie material with water acidulated with aulphuric 
acid (1 in 50). In both cases, however, it muat be remembered 
that by thus directly extracting the substance with aqneous liquids 
many bodies, such as mucilage, etc., are dissolved, and that this 
U avoided by treating thera according to the method firat de- 
Bcrihed. Tho presence of such eubstances is disadvantageous, 
inasmuch as they sometimes render the extraction of a principle 
from aqueoHS Solution by the method of agitation more difficult, 
and always act injuriously in rendering the Separation of the two 
liquids after shaking almost impossible. It is therefore advisablc 
to removo a!l matter tending to increase tha viacosity of the 
aqneous iufnaion by concentrating to a sympy consistence (if 
necessary, after having previously nearly neutralized with ammonia 
or magneaia), precipitating with about three volumes of spirit, 
filtering after atanding twelve to twenty-four hours in a cold place, 
and distilliug off tho alcohol 

1§ 58. Alkaloids, etc., not liemoraUe hy Agitation. — Some bitter 
principles, glucosides and alkaloids cannot, however, be removed 
from Solution by agitation, either because thcy havo less tcndcnoy 
to pass into any other known liquid than to remain in aqueous 
Solution, or because they are insoluble in water. The latter is 
the case, for instance, with the glucosidal resins which occur in 
the convolvulacQfe. Such suhstances are generally iaolated with 
the resins. (Cf. § 153.) 
The puriäcation of bitter principles and glucosides that are 
■oluble in water, but cannot be removed by shaking, may ba 
effected by evaporating the aqueoua solutions prepared from thii 
etboreal or alcoholic extracts, aud repeatedly dissolving the sub- 
■tance in Chloroform, alcohol, or ether. It will bc found easier to 
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purifyabitter principle disaolved by water from the ethereal extracfc, 
than one obtained in a similar manner from the alcoholic extract, 
since the latter contains glucosea and tannios, which are insoluble 
in ether. Apart from the treatment with Chloroform and other 
aolventa which I have just deacribed, another method of purifica- 
tion mayin this casa be adopted — viz., evaporation of tbe aqueous 
Solution, extra^ition with the smallest possible quantity of absolute 
alcohol, and precipitation of sugar, etc. with ether. 

§ 59. Separation of Tannin, — Tannic acid, whenpreaent in aoln- 
tion, together with bitter principles, etc., may frequently be 
removed by digeating the aqueous infusion with oxide or hydrate 
of lead. If salicine (cf. § 167), for instance, is to be separated 
from tannin, the aqueous infusion may be mixed with oxide of 
lead, evaporated to dryneaa on the water-bath and extracted with 
alcohoL Basic acetate of lead may also be occasionally used, when 
a bitter principle is to be separated from tannin, vegetable acida, 
albuminoua matter and the like. Of courae, it must have been 
previously ascertained that the bitter principle in queation ia not 
precipitated by lead ; shonld that be the case, it may aometimea be 
isolated by decomposing tho lead Compound with sulpliuretted 
hydrogea By combiniag a bitter principle with lead a Separa- 
tion may sometimes be effected from sugar, etc. This method is, 
howevcr, inapplicable it tannic acid be present, when it will often 
be found advisable to precipitate vegetable acids, tannin, etc., by 
neutral acetate of lead beforö throwlng down the bitter principle, 
etc., with the baaic salt (§§ 5], 162). 

§ 60. Separation o/Lead Precipitate. — If such Compounds of lead 
with bitter principles, glucosides, etc., are to be waahed with 
■water, it is very advisable to effect this aa rapidly aa poasible by 
decantation. Such precipitates often block a filter, or form, by 
contraction, Channels through which the wash-water runs off with- 
out penetrating the precipitate. If the uee of a filter is neces- 
aary, repeated Buspension in water and filtration ia advisable. 
The waahing of such precipitates ahould not be continued too 
long, aa they usually undergo decomposition duriag the process 
and yield the bitter principle to the wash-water. The preaence 
of carbonic acid in the water used for washing ia specially to be 
avoided. 

Deeompnsllion. — The decompoaition of these precipitates iB 
usually effected by sulphuietted hydrogen, which, however, doei 
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not act well if the lead Compound haa been previously dried. It 
is a wc!l-known fact that, in the course of thia Operation, tho 
bitter principle may be mechanically retained by tho sulphide 
of lead formed. To avoid loss in this way tbe sulphide may be 
filterod off, waahed, dried, powdered, and boiled with alcohoL 
In evaporating the alcoholic extract care should be taken not to 
confoimd crystals of sulphnr with the bitter principle, etc. It 
will often be found advantageoua to decompose the lead precipi- 
tate in alcohol instead of water. The surface-attraction of the 
BiiJphido of lead will, nevertheleaa, he frequently found useful 
in retaining foreign bodies, such aa colouring matter and tho 
like, whilst bitter principlcB, etc., pass into Solution, 

The directiona given for the decompoaition of the lead precipi- 
tates may also be followed in iaolating tannic and vegetable acids 
from auch Compounds. (See also § 162.) 

§ 61. Glutosides; Hecogniivm. — In proving the glucosidal natura 
of a Hubstance advantage may be taken of the influence exercised 
by ferments (saliva, emulain, myrosin), etc., or dilute acids (accom- 
panied by heat) on glucosides, which, under auch circumstances, 
apiit up and yield sugar aa ooe of the producta of decompoaition. 
It is advisable to ascertain whether the subatance itself, in as pure 
a atate as possible, reducea an alkaline Solution of copper, either 
at the ordinary temperatui-e or on boiling. If Jio reduction takea 
place the further exandnation for glucose is much facilitated. It ia 
customary to boil tbe aubatance under examination with water 
oontaining 1 to 2 per cent. of sulphuric or hydrochloric acid, and 
tesb the liquid for sugar from time to time. The rapidity with 
which decompoaition may be thua effected variea very greatly. 
Some glucosides yield a sugar reaction after boiling for a few 
minutes only ; othera require aerernl bours. In some caaea it is 
preferable to allow the acid to act linder pressure, or in alcoholic 
instead of aqueous Solution. (Cf. ^ 153, 160.) 

The decomposition-producta which are formed, together with 
glucose, from glucosides, are not unfrequently inaoluble in water, 
and thereforo render the liquid turbid in proportion as the re- 
action proceeds. Thia i>ecuUarity may be often made use of as 
proof that decompoaition haa commenced, especially in those 
cases in whicb the glucoside itself reduces Fehiing's copper Solu- 
tion, After the completion of the reaction and the cooling of the 
liquid, the decomposition-product may be filtered off and further 
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examined. If, on the other haud, this substance be soluble in 
water, its isolation maybe attempted by the method of agttation. 

An experiment should also be inade to ascertain the action of 
the glucosß thus produced on a ray of polarized light, aa well as 
its bebaviour with yeaat — that is, its capability or incapability of 
enteriiig into fennentation. For this purpose it is best to decom- 
pose the glucoaide with sulphuric acid, which may be subsequentüy 
removed by carbonate of barium. The filtrate frora the sulphate 
iif barium, which should be faintly acid in reaction, ahould be 
mixed vrith a little yeast, introduced into a eudiometer over 
mercury, and Observation made whether, under these circum- 
atancea, carbonic-acid gas is evolved. Many glucosides yield, 
beaidea glucose, producta of decompoaition which are antagonietic 
to aleoholic fermentation ; these are, if posaible, to be removed. 

This fermentation experiment will have a particular value in all 
cases in which the glucoside itself reduces alkaline copj^ier Solution. 
Proof of the glucosidal nature of the substance may then be 
fonnd in the experiment yielding a negative result before, but a 
positive one after, the action of the dilute acid, especially if the 
substance be aoluble in ether or cold absolute alcohoL Saccharoses 
and other carbohydrates, which would yield similar results, are 
thus excluded, they being insoluble in the liqnids named. 

It is hardly necessary for me to point out the desirability of 
eatimating, by means of Fehling'a copper Solution, the sugar pro- 
duced by the decomposition of a glucoside. (Cf. g 83, et seq. ; 
g 200, et seq.) 

Somö bodies which are usually treated of with the glucoaides 
yield, when acted upon by acids, not glucose, but aubstances allied 
to sugar or mannite, which, like isoduicite, are unfcrmentable. 
(Cf. g 212.) 

§ 62. Sulfhwk Acid Graup-reaäion. — Many glucosides are capable 
of acting like sugar when mixed with bile and sulphuric acid — 
that is, of produciog a red colour, Thia reaction lias been described 
as to a certain oxtent characteristic of the whole group of gluco- 
sides ; but it should be remarked that among them there are many 
which are reddened by sulphuric acid alone, whilst some cannot 
replace sugar in the tost for bile ; and others, when mixed with 
sulphuric acid, assume such characteristic coloura that the bile 
reaction is quite undistioguishable. 

For further Information concemiog glacosides, compare g 165, 
d seq. 
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§ 63. Isolation qf Alkoloids, de, nol EemmiMe hj Agüatum. — As 
Btated in g 58, thera are some alkaloida which, for the reasons 
there given, cannot be isolated by the method of agitation. To 
separate theae ia a State of purity the extracte prepared according 
to § 57 should bo exhauated as far aa posaibla by shaldng with 
petroleum spirit, etc., and then evaporated to dryness. Tho dry 
e should be finely powdered (if necessary, with the addition 
of washed sand or siliceoua earth) and tieated with alcohol, ether, 
Chloroform, etc. The exhaustion, faowever, ivith these Bolvents 
will be incomplete if the residue be not i'educed to a very fine 
powder. (See also ^ 66, 66.) 

ßeteditm by Group-reagmls. — Before proceeding to this extrac- 
tion it may appear desirable to ascertain whether an alkaloid is 
preaent at all. To thatend the liquid obtained in § 57, containing 
sulphuric acid but no alcohol, may be teatod for alkaloida by 
precipitants which have been introdiiced aa group-reagenta for 
that clasa of subatances. The following may be especially recom- 
mended : 

Tri-iodide of polassium — that is, an aqueoua Solution of iodine 
in iodide of potassium— givea, with aqueoua eoliitiona of most 
alkaloida, amorphous preeipitatea of a dark-brown or kermes- 
raineral coloiir, and ia one of the moat delicate reagents. An 
alcoholic Solution of an alkaloid frequently remains clear on the 
addition of the tri-iodide ; or if a precipitate ia formed, it differs 
properties from that produced in aqueous Solutions. For 

cample, berberine and narceino would under these conditiona 
jield cryatalline preeipitatea. 

Tribromide of potassium, prepared in a aimilar manner, also pre- 
eipitatea aome of the alkaloids from very dilute solutioas, but, in 
addition, forme yellon-ish Compounds with phenol, orcin, and 
many allied bodies (§ 158). 

IPotasslo-mercuric iodide^ obtained by decompoaing mercuric 
Chloride ivith an oxceas of iodide of potaaaium, yielda with 
moat alkaloids, white, flocculent precipitates, which sometimes 
gradually aasume a crystalline character. (See also g 65.) The 
preeence of free acid may sonietimea cause a diäerence in the 
precipitate obtained from one and the same alkaloid. 
Polasiia-bismulhie iodide, prepared by dissolving iodide of bis- 
muth and iodide of potosBium in water, yields, even in highly 
dilute Solutions, precipitates which are veiy eparingly aohible, 
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and resemble orange sulphiile of antimony in colour. It ahould 
not, however, be forgotten that albiiminoiia and other similar 
Bubatancea are also precipitated by tbis reJ^ent (Cf. g 232.) 

Poiassio-catlmic iodide, obtained in analogous manner from iodidö 
of cadtaiuiD, gives white precipitates, which, like those yielded 
by potas3io-mercuric iodide, sometimea become cry stalline. Tbey 
are mostly raÜier more soluble tban tboso producod with the 
latter reagent. 

Phospho-TYwhßdk actd {a Solution of tha sodium aalt in nitric 
acid) yields with most alkaloids yellowish precipitatea, which ara 
in certain instances rapidly reduced, and assume a bluish or 
greeniah colour. Ammoniacal salts and less complex amide- 
oompoundB are also precipitated by this reagent. 

Mdatungslic acid gives Bimilar precipitates {§ 177). 

Chloride 0/ gold yields yellowish precipitatea with very dilute 
Solutions of many alkaloids. Sometimes a rapid reduction takes 
place, and the yellowish colour changes to a reddiah-brown, the 
liqiud itaelf occasionally aasuming at the aame time an intense 
reddish tint (% 186). I consider this reagent espacially vaiuable 
for OUT purpoae, as ammoniacal aalts and the leas complex amide» 
are not precipitated by it. 

Perchloride of plalimvm forms brownish-yellow precipitatea with 
most alkaloids (not all), bnt is leaa vaiuable than chloride of gold, 
becauae the precipitates are mostly more soluble, and hecause it 
forms sparingly soluble Compounds with aramonium and potaasiuni 
salta, etc. The precipitates obtained with this reagent also some- 
timea ahow a disposition to decompose. 

Mercuric chlonde. — The white precipitates which this salt yields 
with alkaloids are not very sparingly soluble, but it poasosses 
Boma value, aa it does not prccipitate ammoniacal salts, eta The 
same ia the case with 

Pio-w aoid, which givea yellowiah precipitatea. 

Tannk add, the Compounds with which are usually of a gi'eyi.sh- 
yollow or greyish-browii tint, and 

Bichromdle 0/ polash, which yielda yellowish and occasionally 
crystalHne salta.^ 

' Tor group-reagenta foc alltaloidH eee furtber in iny Ermittelung von 
Giften, 2nd edition, 123; also Selmi, Jahresb. f. Pharm. 1874, *80; 1875, 
341 ; 1876, 623 (Year-boolt Pharm. 1876, 110). For behaTiour of cinciiDDa- 
■Ikaloidfi to sulphocjaaide of potassium compsre Schräge, Arch. d. Pharm. 
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To confinn the presence of an alkaloid, advantage may also be 
taken of the fact that they all contain nitrogen, and, therefore, 
yield Prtissian blue with Lassaigne's test (heating with metallic 
aodium, etc.). This teat will be apecially valuable if another 
peculiarity of moat, but not all, alkaloida — viz., the alkalinc 
reaction towards iitmus and capahility of forming aalta — be not 
well dofined (colchicine), or if a Compound be obtained which 
must bo referred to the gronp of amido-actda (colchicine) or 
glucoaidal alkaloida (aolaoine). It must not, however, be for- 
gotten that aome of the glucoaidea already mentioned contain 
nitrogen (g 167). For tables of the colour-reactiona characteriatic 
of many alkaloida aee § 171. 

g 64. Alkaloids not holaied hy the Meihod of Affilafion ; Purifica- 
ft'oB.— In casea in which an alkaloid is preaent that cannot be 
Beparated in this way or purified as recommended in § 63, tbe 
following method may be tried. The alkaloid is precipitated by 
potassio-mercuric iodide trom ita aolution in water acidulated with 
diluto aulphuric acid, the precipitate filtered off, washed, sua- 
pended in water and decompoaed by sulphuretted hydrogen. On 
filtering off the sulphido of mercury, a aolution of the hydriödäta 
of the alkaloid together with free hydriodic acid ia obtained. Sul- 
phate of silver ia then added as long aa it cauaea a precipitate, and 
the iodide of ailver filtered off. After removing the aidphuric acid 
by additioa of cauatic baryta and hltration, a Solution of the 
alkaloid may be obtained by freeing the filtrate from excesa of 
baryta by carbonic-acid gas. The last Separation of baryta, 
however, ia not alwaya quite completo. It might be better there- 
fore in many casea to remoTe the aulphuric acid by carbonate 
inatead of hydrate of barium. The former, moreover, wouJd be 
less likely to decompose tbe alkaloid. 

In following this method, inconvenience ia occasionally experi- 
enced in filtoring off the aulphide of mercurj-, which sometimea 
separatea in a vcry finely-divided atate. To obtain a clear filtrate, 

oUiiv. 143 1 [3], r. S04 ; xili. 2S ; Hesse, ibid. xiL 313 ; xiii. 481 ; 

IGodoffroy, OeeteiT. Zeitsohc. f. Pbarm, 1878, Noa. 1 to 12 (Am. Journ. 
Pbarm. 187S, 178). For tbe action «f silico-tungetic acid on alkaluids see 
Godeffroj, Archiv d. Ph&nti. ix. 434 ; chloridu of uitimony and stannona 
Chloride «es Godeffroy, ibid. 147, and Bmith, Jabragb. f. PbannaciE, 1879, 186 ; 
Rneno-molybdlo acid, selenicand telluria acid, Brandt, Jabtesb.f. Pbarmacie, 
1S7G, 311. Stolth heats triohloride of antimon}' und [irujects the alkaluid into 
the fdied maHB. Morphine and codeine produco a greemah, narcotine olive- 
gTMD, thebaine, btucina and veraCrine, red coloaratioii. 
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evaporation with white hole and re-solution ia water may be tried. 
The iodide of silver and siilphate of barium are also at tJmes very 
difficult to remove, and clear liqiiids can only bo obtained by 
repeated filtration through double Alters. 

Should the alkaloid, after liberation with caustic haryta, be 
sparingly sohible in water, it may be precipitated simultaneously 
with the Eulphate of bariuni. In this case it roay be extracted 
from the dry jireeipitate by treatment with alcohol or other 
suitable solvent But those alkaloids that resist extraction by 
the method of agitation are generally freely soluble in water. 

Many alkaloids, too, are easily attacked by alkahes, Splitting up, 
oa boiling, into acids and new complex amides. Atropine under 
such circumstances yields tropine and tropic acid ; hyoscyaniine 
ia resolved into the same two substances. (Cf. g 65.) How eaaily 
eiTors are thus caused may ba seen from the number of alkaloidal 
substances that have been deeeribed in text-books aa special 
alkaloids, and which are in reality nothing but products of decom- 
position (acolyctine and napeUine = aconine; ly coc tonine - pseud- 
aconiue).^ Curarine is another alkaloid easily decomposed by 
alkalies. Certain members of thie class are also decoraposed by 
boiling with dilute acids. 

If the alkaloid under examination is not easily attacked by 
baryta or Urne, it may be precipitated by pltospho-mdyhdk oiplios- 
pho-tunffslic acid (§ 63), and separated from its combination with 
either of these acids by baryta or lime, the exceas of alkahno 
earth being removed by carbonic acid. These methods, wbich 
are sometimes of use in the quantitative estimation of certain 
alkaloids, will be discnssed in detail in § 177. 

§ es. Estimation. — For the quantitative determination of alka- 
loids, one of thß following methods may be feasible : 

1. The alkaloid obtained in g 64 may be dried and weighed. 

3. The aubatance removed by agitation according to ^ 55, 56, 
may be weighed, care being taken to avoid loss.' 



' I avait myaelf oE thia oppartunity to <Iniw attention to the more recent 
researcheaof Wright and Luff OD the oconite-allidoida. SeeJahresb. f. Pharm. 
1873, 131; 1874. 13B ; 187e,j;69 : 1877, i34 ; I87B, 189; and in Pharm. 
■Tonm. and Trana. Od atesin of Äcoaitiun heterophjllnm see Wasowicz, Archiv 
d. Pharm, xiv. 193 (1879) (^arm. Jonro. and TraDa. [3], i. 310). See papera 
by Wright and Luff, etaT,, in Pharm. Joum. andTrana. [3], vols. ix. i, and m. 

' Comparo the nfelhoda I have prnposed for the quantitative estimation uf 
tiyohninE, brffcLne, and varatrine, in g 174. OUnther baa Bucceaafully om- 
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3. The alkaloid may bo precipitated from its aqueous Solution 
ly certain reagents, and estimated gravimetrically. 

Chloride of gold, or aometimea perchloride of platinum (§ 173), 
may be advantageoußly used as precipitant in thelast caso, as the 
araount of alkaloid and chlorine preaent may be approximately 
calculated from the amonnt of gold or platinum contained in the 
precipitate. Alltaloids may often be estimated gravimoti-ically 
and volumetrically by precipitation with potassio-niercuric iodidc 
(§ 174). 

I have discussed this subjoct fiilly in my ' Chemische AVerth- 
bestimmung starkwirkender Droguen,'^ where Ihave shown that 
■ many alkaloida may thus be accurately estimated. I found, how- 
ever, that the precipitates produced were not alwaya analogoua in 
eomposition, and that therefore the precipitating power or value 
of the unilHjuantity of reagent must bo determined for each single 
alkaloid. The eomposition of tha precipitate yielded by one and 
tho same alkaloid may Vary wJth the concentration of the Solution, 
and a differonee in the amount of sulphuric acid preaent may 
sometimea influence the result. A large excess of acid ia incom- 
patible with the accurate estimation oE certain alkaloids, such as 
Itrucine and coniine, whüst in othcr cases (nicotine, colchicino) it 
ia necessary. The latter alkaloid, together with atropine and 
others, requires a considerable excess of the reagent for completa 
precipitation, and in its gravimetric estimation therefore this 
condition must obtain ; on the other band, the precipitate first 
produced ia aometimea redisaolved on the addition of an excesa 
of the precipitant With regard to the reagent itself, I may 
observe that, according to Mayer, it is not advisable to prepare it 
by diaeolving iodido of mercuiy in iodide of potassium, thö best 
method being to mix 13-546 gram of perchloride of mercury 
with 49-8 gram of iodide of potassium and water to make one 
litre. 

For details of experiments I refer to the work already men- 

p1o;ed the method of agitution foc the eBtimation of atropine. Compare 
Pharm. Zeitaohr. f. Huwland, 1869, p. 89 (Yaar-book Pharm. 1B72, 236). In 
oolchicum aliio it would be moce advieable to determlne the alltaloid by shaking 
with Chloroform thao by precipitating with potwsio-mercuric iodide. The 
material should bo «xtraoted with pure water, and the Solution madB acid 
rather than alkaline befora ahaking with Chloroform. 
' Bt. Patenburg, 1874. Schmitidorff. 
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tioned, and will only remark here that, as a rule, the material 
may be extracted with water acidulated with aiüphuric acid, and 
that in many caaes the estimation may be made in this liquid 
withoQt further treatment But it the preBenco of mucilaginous 
substances, etc., prevent this, and their partial removal byaicohol 
be necesaary, the Solution must be completely £reed from spirit 
before titrating. The tennination of the reaction is usually found 
by a drop of the filtered Solution yielding no precipitate with a 
drop of the reagent, 

Aconitine and Nepaline. — 1 cc. of potassio-mercuric iodide 
Solution of tho above strength indicatea O'OSSa gram of aconitine, 
and the precipitate (if the estimation be made gra^■imet^ical]y) 
has the compoBition Cj-Hj^NDjuI^+Hgla-i In the latter case 
a correction of O'OOOOS gram of aconitine muat be made for ever>- 
cc of Solution. 

1 cc. of potassio-mercuric iodide indicatea 0-0388 gram nepaline 
(pseudacoDitine). 

Airline. — 1 cc. is equivalent to 0-0097 gram atropine if tha 
Solution contain about 1 in 200, but in Solutions containiog 
1 in 330 it is equivalent to only 0-0082Ö gram. The preci- 
pitate obtained by adding an excesa of the precipitant to a 
Solution containiag about 1 in 200 to 300 haa the composilion 
(C,jH2,N03l)^ + HgIj. In working with Solutions containing 
1 in about 350 to 500 a correction must be made of 0-00005 gram 
of atropine for every cc of filtrate (§ 174). 

Hyoseyamine. — 1 cc. of the mercury Solution ia equivalent to 
0O0698 gram hyoscyamine, the concentration being about 1 in 
200, According to tiie more recent reaearchea of Ladenburg 
henbane contains two alkaloids, one of which is isomeric with 
atropine, and identical with daturine and duboisine. Compare 
Berichte d. d. ehem. Ges. xüi. 909, 1081, 1340, 154Ü (Pharm. 
Joura. and Trans., [3], x. 759, 789, 790). [Ladenburg distin- 
gniahes hyoscyamine from atropine by the melting-points of the 
alkaloids and their gold salts. In belladonna a sccond alkaloid 
at least is present, which is possibly identical with hyoscyamine, - 
The second alkaloid in henbane has been named hyoscine by 
Ladenburg. This must not, however, be confounded with 

' For the present I make nee o£ the old fonnula for aconitine, aa the new 
does Dot agree ao well with tbe Volumetrie determinations. 
1 Compare Kraut, Ber. d, d. ehem. Ges. xüL ISS. 
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the hyoscine of Höhn and others. Ita gold salt melts at a higher 
temperattire tbaa that of atropine or hyoscyamme.] (See furtber 
in § 174,) 

Emiline. — 1 cc. of tha potaBsio-mercuric iodide precipitates 
O-0189 gram emetine. The precipitate has tha composition 
C^Ha.NAIa + Hgl^.' 

Conüne.—\ cc. indicates 0'0125 gram, coniine providedthat the 
Solution contain Jto 1 percent. of the alkaloid, as little free acid as 
possible, and, in addition, 3 to 4 per cant. of chloride of potassiiun. 
If theae conditions are complied with the composition of the pre- 
cipitate will ba (CijHiaNIla -H Hgia (J§ 174, 180). 

Nicotine. — ^1 cc. indicatoa 000405 gram nicotine; the composi- 
tion of the precipitate ia CjdHjjNjIj + Hglj. 

Strijdmine and Bruciiu:.~~l cc. precipitates 0*0167 gram atrych- 
nina aod 0'0197 gram' anhydroua bnicine {in the latter caae 
as little free acid as possible ehould be present). The pre- 
cipitataa have tha composition C^jH.^„Nfi.jBI + Jigl^ and 
Cä3H3flN,p,HI + HgI,(5§ 174, 180). 

Colchiünf. — 1 cc. precipitates 0'0317 gram colchicine, the con- 
centrationbeingabont 1 to ÖOO, and the Solution containing 7 tolO 
per cent. of Bulphuric acid. The precipitate appeara to contain 
four equivalents of colchicine to one of Hgl^. 

Morphine and Narcotine. — 1 cc. corresponds to 0'02 gram crys- 
tallized morphine^ and O'OaiS gram narcotine. (See also § 174.) 

yercUrine, sabadÜliTie, and sahalrine. — Icc. indicates, according 
to Masing,^ 0'0296 gram veratrine. Little sulphuric acid only 
should be present and a eorrection of 0'000068 gram veratrine 
made for evary cc. of Hquid. According to the same chemist, 
1 cc of the potassio-me renne iodide is equivalant to 00374 gram 
eabadilline and 0'03327 gram sabatrine. Correction for every cc. 
0-00005 gram of the forraer and 00000408 gram of the latter 
(§ 174). 

Physostigmine. — 1 cc precipitates 0'01375 gram phyeostigmine 
(Moaing). Correction for every cc OflOOlOS gram. The com- 
position of the precipitate ia aaaumed to be C,5H„jN302HI -f HgL. 
(Seo also 5 n*-) 

' ThU formuti, kIbo, will have to be nltered u Boon u &nalysea of the pura 
emetine prepared b; Foilwinotzki aro publiBhed. 

' Fortbe applicatinn of potuuio-cadinic iodide tothe quantitative detenuinu- 
tion of opium alkaloids aee Lepaige. Kepert. f. Pharm. 1S75, 613. 

1 Archiv d. Fbum. ii. 310 (Jaum. Chem. Soc. inii 369]. 
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—1 cc indicatea 0O425 gram berberine (Beach).* 
The precipitate is stated to contain almost exactly half its weight 
of pure berberine. 

^wwiiw*. —Aceording to Preacott^ the double salt of quininc 
with iodide of mereury containa 34-5 per cent. of alkaioid, and is 
almoat insoluble in water. From the recent researches of Hielbig* 
it would appear that no special advantage is to be looked for in 
the application of potassio-mercuric iodida to the quantitative 
eatimation of quinine. 

Chdidmiint and Sanffiiinarine. — From aome experiments made by 
Masing I anticipate thab 1 cc. of potassio-mercuric iodide will ho 
found to indicate 0O1675 gram of the former and 0-0H8-5 gram 
of the latter,* (Compare also § 174 et seq.) 

§ 66. EsÜTnalion ofTheine, etc. — The quantitative determinatiön 
of some alkaloids may be made oa follows ; The material is boileil 
with water, either pure or containing a little sulphuric acid, tlie 
filtered or strained decoction evaporated with magnesia or lime," 
and the residue finely powdered with sand or some other inert 
It ia then extracted with ether, chlorofonn, or other 
3 solvent, the filtered Solution evaporated and the residue 
wcighed." I havo found this method well adapted for eatimating 
the alkaioid in tea (without the addition of acid). 

Similar methods have also been proposed for the estimation of 
the total alkaioid in cinchona-bark, but the long-continned action 
of the dilute acid necessary to dissolve the alkaioid appears to 
decompose part of it and rendera the estimation inaccurate. (Com- 
pare § 176.) 

§ 67, Exiraclioji of Cinckona j4lkaloids. — In a aeries of experi- 
ments in my laboratory the following method was found by 
Hielbig^ to be the moat advantageous : 25 grams of powdered 
bark are digested with 100 grams of 1 per cent. sulphimc acid at the 
ordinary temperature for tweuty-four hours, care being taten to ex- 

' American Jonm. Pharm, ilviü. 336. 

= Ibid. ilii. 482. 

' Kritische Beurtheilung, etc. Dies. DorpaC. 

* Comparo my ChemlBche Wertbbistiiiimung, p. 101. Abo NuBchuId, 
Jimmitl I, prokt. Cbem. cvi. 3S&. 

' Compare CazeneDve, Jahreab. f. Pharm. 1875, 342. 

' Compare also Lüscb, Pharm. Zeitscbc. f. Russland, XTÜi. G15, find mj re- 
marke od his method, Johresb, f. Pharm. 1879, 1S5 (Tear-book Pharm. 
1880, 60]. 
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cluJe direct simlight ; 500 cc. of spirit aro pourod in, and after 
two houra 25 grams of slaked lime are added to the mixture. 
The whole ia then macerated for two daya, and fioally boiled foi- 
half an hour on tho water-batk To the filtrate, together with 
100 cc. of wash-aloohol, the results of two following extractiona, 
each with 250 cc. of spirit and 100 cc. waahings, aro added. 
The mixture is ueutralized with 25 dropa of dilute sulphuric acid 
(l to 7} or more if much cinchonine is present. After atand- 
ing twenty-four houra the apirituoua aolution is filtered, and 
the alcohol rccovered by distillation, the proceaa being stopped 
aa soon aa the liquid becomes cloudy {about 200 cc) ; 15 cc. of 
% per cent. aulphuric acid aro then added, and the evaporation 
continued on the water-bath, carbonization being carefully avoided. 
The reaidue ia treated with water, the reain filtered off and 
l with a little dilute aulphuric acid. The alkaloid is then 
precipitated by carbonate of aoda, and the wliole evaporated on 
the water-bath to about 20 cc. After cooling, the reainous preci- 
pitate ia filtered off, rubbed down to a powder in a mortar with 
water, retransferred to the filter, waahed, dried, and weighed. 
Fi'oni thß filtrate and wash-water the alkaloid ia extracted by 
cldoi^fonn, and the weight thua found added. For the Separa- 
tion of the more importanfc hark alkaloids from each other, see 
§§ 183, 184. 

§ 68. Eslimaiioii ly Titration. — If the alkaloid under examina- 
tion has a powcrfully alkaline reaction, it may be separated by 
the method of agitation, or according to §§ 66, 67, and esti- 
matad by titration with -j^ acid, A method of thia kind has 
bean proposed by Schlossing and others for the quantitative 
determination of nicotine in tobacco.' (See §§ 179, 180.) 

§ 69. Separation of two or tno-re Alkaloids. — In the methods 
described for the estimation of alkaloids it was aasumed that only 
one was present. But two or more may be met with in tho same 
plant. In attempting thoir aeparation their behaviour to solvents 
should ba aacertained. Ether, for instance, may be used to separate 
quinine from cinchonine, narcotine from morphine, delphinine from 
dolphinoidine. 

' Annalea de Chiro. et do Phya. lii. 230 (Am. J. Pharm, xix, 68) ; aLro 
Wittotein and Brandt, Vierteljfthrasachrift /. prak. Pharm. li. 351, and liii. 
S22 ; Lits^ke, Zeitschr. f. anoL Chem. iv. 492 ; Eosutany, Anal. Best, uiniger 
[ , Bestttndtb. d. TabalupSanze. DU«. Altenburg in Hungarj, 1873. 
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Thia method ts not, however, always successfui, and Com- 
pounds ot the alkaloids differing considerably in solubility, etc., 
must be looked for, applicable to the Separation to be effected. 
Quinine may be separated from quinidino by procipitation 
with Eochelle salt, quinidine from cinchonine by iodide of 
aodium, etc. Uae may also be made of the difFerence in equi- 
valent weights. (Comparo the estimation of brucine in presenco 
of Btrychnine in § 174.) See also g§ 180 to 183. 



EXAMINATION POR GLUCOSES SOLUBLE TS ALCOHOL. 

§ 70. Deteclion and Edimation of Glucosei solvhle in Alcohol. — 
Both glucoses and cane-sugara may be present in that part of 
the alcoholic extract (§ 48) which ia soluble in water, but the 
amount can be but small, sinca the material is macerated at the 
ordinary temperature. It muat, however, be taken into account, 
in Order to avoid error. If the alcoholic extract contain no tannin 
or bitter substance, the aqueous Solution may be tested for glucose 
with Fehling's Solution (§ 83) without further treatment ; if found 
it may be determinßd quantitatively. 

Sugar may also be qualitatively tested for by adding to the 
liquid under examination firat potash and theu dilute Solution o£ 
Bulphate of copper, as long as the cupric hydrate first formed is 
rediasolved. Excess should be avoided. The hquid may now be 
divided into two poilions, one of which may be warmed and 
the other allowed to stand in the cold in order to ascertain whether 
reduction takes place at the ordinary temperature, as well as on 
heating. 

If the glucose is accompanied by such substancea as tannin, 
etc., the filtrate obtained after addition of acetate of lead in their 
quantitative eatimotion (§§ 49, 52), or after precipitation of a 
separate quantity with basic acetate, may be treated, together 
with the washinga, with a slight excess of sulphuric acid, filtered, 
washed and made up to a known volume. The sugar may thun 
be estimatod quantitatively with Tehhng's Solution, The result 
must be addod to the amount found in the aqueoua extract (§ 83). 
Part of the Solution may be boilod for half an hour with 1 to 2 
per cenL of sulphuric or hydrochloric acid in a flask fitted with 
an upright coodenaer. If moro sugar be found after such treat- 
ment, the difference is to bc calculated as Saccharose (§ 85). 



71, 72, TEEATMEST WITH WAIEE, ETC. 






EXAMINATION OF SUBSTANCES SOLüBLE IN WaTER. 

MÜCILAGE, ACIDS, GLUCOSES, SACCHAROSES AND OTHER 
CARBOHYDRATES, ALBUMINOUS SUBbTANCES, ETC. 

§ 71, Trealment wilk Waler. — The residue of the material after 
exhaustion with alcohol (% 47) ia dried at a temperature not abovo 
40° C, and tranaforred to the vessel previously used, which should 
likevise ha dried. Water is then added in the proportion of at 
leaat 10 cc. £or every gram ot original subatance, and the whole 
frequently shaken during twenty-four hours. The litiuid is now 
filtered off through the same Alter that haa already servod for 
euch Operations, and the filtrate set asido for examination. The 
reaidue is washed by repeated maceration and filtration, the wash- 
inga being reserved for treatment as directed in g 194. The in- 
soluble substance ia not dried (^ 92, 102, 105 et seq. ,- 193 el seq.). 

% 72. Total Solid Residue. — 10 cc of the filtrate are evaporated 
in a tared platinnm dish, dried at 110° and weighed. The reai- 
due is then incinerated and the ash dcducted. It should be 
ascertained if the ash is rieh in carbonic, sulphuric, or phosphoric • 
acid, clJorine, lime, magnesia or potash ; and if large quantitiea of 
eulphuric or phosphoric acid are preaent they should be estimated 
(§ 82). 

If the filtrate contain much sugar, moisture may easily be re- 
tained by the reaidue. In auch cases Sernmer^ advises the addi- 
tion of J per cent, of alcohol before evaporation, iE is claimed 
that the reaidue is then porous and easily dried. 

IaXAlUNATION OF MUCiLAGlNOUa SUBSTANCES, DEXTRIN AND 
ALLIED CAKB0HYDRATE3 rHECIFITATED BY ALCOHOL. 
§ 73. Madlaginous Substances.—lO to 20 cc. of the aqueous 
extract (§ 71) are mixed with two volumes of absolute alcohol, and 



' ZeitBohr. f. imaX Chemie, z. 
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allowecl to stand for twenty-four houra in a cool placo in a. well- 
closed veasel. The precipitate ia coUected on a tared filter, washed 
with 66 per centL spirit, dried and weigheA Both filter and aub- 
stance are then incinerated and the ash weighed, that of the Alter 
being deducted. If the precipitate itself possess the characters 
of vegetable mucilage (^ 195, 196) and contain not more than 
5 per Cent, of ash, it may be asaumed the latfcer corresponds to 
the lime and potash usually found in auch mucilagea. But if the 
percentage of ash be larger, and it contain much carbonate of 
lime or potaah, attention shoitld be paid to the possible presence 
of aalta of vegetable acids with theao basea, such aa acid tartrate 
of hme or potash, etc. (g 74). 

That the precipitate really oontains vegetable mucilage may be 
proved by ita diasolving in water to a mueilaginous liijuid which 
doea not reduco Fohling's Solution until after it haa been boUed 
for some time with dilute hydrochloric acid. Its concentrated 
Solution ia precipitated by basic acetate of lead. It is also 
occasionally precipitated by ferne chloride and thickened by 
Solution of borax or aolublo Silicate of soda. See also ^ 193 to 
196. 

§ 74. Vegetable Albimen. — Incomplete solubility of the mucilage 
precipitate would indicate the praaence of albumen, but, by the 
method of examination adopted, the quantity will uaually be so 
small that it may be ncglected. (See also ^ 93 et seq.; 95 d seq.) 
If, howevor, Laasaigno'a teat show that the precipitate contains 
much nitrogen, the results of the estimation of legumin and 
albumen, which will be subsequently made, muat he deducted 
from the weight of mucilagej etc. If, on treating the mucilage 
precipitate with a little water, a difficultly soluble cryatalline sub- 
atance be observed, examinatiou should be made for tartrate of 
lime or acid tartrate of potash, which, if present, should be 
eatimated by precipitating with neutral acetate of lead and ahould 
be deducted from the weight ot the mncil^e. 

g 75. Inuüii. — If subterranean parts of planta belonging to 
CompositJB or alhed orders are under examination, they may, 
even though previoualy dried, yield a little inulin to water. 
After precipitation with alcohol it is not redisaolved by water at 
the ordinary temperature, but ia freely soluble when warmed 
to 66°. It is laevo-rotatory, ia converted hy treatment with dilute 
acid iuto levuloEe, and may be eatimated by determining the 
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amount of sugar thua proiluced, The majority of the inulin is, 
however, left in the resiclue insoluble ia water, from whioh it 
may be extracted as dirocted in § 103. 

§ 76. Dextrin, etc. — The filtrate and wash-akohol from tho 
mucilage precipitate (^ 73) are evaporat«d as rapidly as poaaible, 
at a temperature ot 70° to 80°, to a syrupy consiatence and again 
precipitated with 4 volumes of absolute alcohoL Certain car- 
bohydrates soluble in dilute alcohol, such as dextrin, levulin, 
sinistrin and triticin, are thus thrown down and ahould ba 
ültered off as rapidly as possihle. 

These carbohydrates may be distinguished from mucilage by 
their being mora easily convertiblo into sugar and by their not 
being precipitated by basic acetate of lead. Dextrin ia dextro- 
rotatory in aqueous Solution, and yielda grape sugar on boiiing 
with a diluto acid. Le\-ulin, sinistrin, and triticin yield levu- 
lose. The first of these three is optically inactive ; sinistrin and 
triticin are lievo-rotatory («d = —32456° and-43'579° respec- 
tively). Nono of the four are colonred either blue or red by 
iodine,' Sioistrio and triticin are precipitated by cauatic barytat 
from Solution in 40 per cent alcohol, Carbonic acid liberates tha 
carbohydrate from the compoimd thus produced (g 198). 

QuanlütUive Eslimalvm (^ 199, 201 to 204).— The carbo- 
hydrates mentioned in tho preceding paragrapb are best esti- 
matod by boiUng with a dilute acid aud determining the amount 
of sugar tbua produced by tJtrating with FehUng's Solution. The 
banum precipitates of levulin, triticin and sinistrin may be treated 
directly with acid. 

If dextrin and glucose are present together, the results yielded 
by tho eatimation are as a rulo somewhat too bigh, aa a littla 
sugar is precipitated witb the dextrin. 

It should, however, be ascertaiaed whether the dextrin-precipi- 
tate uontaiu rauch nitrogen, and, if this ts the caae, whether the 
amido-acids discussed in g^ 101 and 242 are present. 

EXAMINATION FOR SAPONIN AND ALLIED SUBSTANCEH, 

g 77. Exlradion of Saponin.—U the precipitate obtained with 
Alcohol in g 76 ia rapidly filterad off, the raujority of the saponin 

' It WOB formerly thooght that dextrin tvsB coloured red bj iodine. This 
cilouratiun wiu due to an impurity (aoluble itaroh — ecythrodextrin) contained 
ia tlie dextrin eiatuiued. 
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Temoins ia Bolution, and is left beliind on evaporating the 
alcoholic filtrate. It is soluble in bot S3 per ceot spirit and 
deposited agaln on cooling ; but ia absolute alcohol it is almost 
inaoluble. Baryta^water precipitatea it from aqueoua Solution ; 
after washing witb aaturated baryta-water the saponin may ba 
liberated from tba Compound by carbonic seid gas ; a few per cent. 
of baryta, however, always remaiü associated witb the saponin j 
thua obtained. It also forms an insolublo Compound with \ 
acetate of lead. Its Solutions have an unpleasant acrid taste, I 
froth on ahaking, eniulsify oils, etc On agitating with Chloro- 
form it is taken up by that solvent and may be obtained in an 
amorphoua condition by evaporating the chloroformic Solution. 
(Cf. g 55.) The residue, moistened with a few drops of concen- 
trated sulphuric acid and expoaed to the air, graduallj' a; 
reddieh or reddish-violet colouration. It is a glucoside, yielding 
sapogenin as a resinous decomposition product sparingly soluble 
in water. 

§ 78. Quantilative Esiimalkm. — Chris tophsohn^ and Otten' hava 
adopted the following two methoda for the determination of 
saponin : 

A. 10 grams of the powdered anbatance are boiled threo times 
in Buccession with diatilled water, the decoctions strained (they 
filter very alowly), evaporated to a small bülk, precipitated with 
alcohol and filtered. The precipitate ia exhauated with boiling 
alcohol (83 per cent), and the spirituous Solution added to the 
filtrate. After recovering the alcohol by diatillation the reaidue 
is disaolved in water, concentrated and precipitated with aaturated 
baryta-water. Tbe precipitate ia collected on a tared filter, waahed 
■ffith aaturated baryta-water tili the washings are colourless and 
■dried first at 100°, subsequently at 110°. After weighing it ia 
ignited tili the asli is white, the baryta estimated aa carbonato in 
theuaual way, calculated into oxide a d ded cted from the weigbt 
of the saponin-baryta, the difference 1 o u^ tl e ve {,ht of saponin 
from 10 grams of substanca For the seeds of Agroatemma 
githago the following modification n u t be adopted on account 
of the large amount of starch renJer n^, the eftract onwith wator 
very tedioua. A weighed quantity of ground a r dry seeda are 

' ' Vergl, Unters, über du Saponin, etc.' Diaa. Dorpat, 1871, and Acchir 
dPluirni. vi. 432, 181. 

3 HiatioL Untern, dar Sareaparillan. Dis>. Darpat, ] 
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exhauated by boiling with alcohol and filtering -wliilst bot, tba 
alcobol being recovered from tbe filtrate by diatillation. The 
reaidue is freed from fatty oit by ether, dissolved in water and 
the saponin in it precipitated with baryta as before. 

B. The aaponin-baryta obtained by the previoua method ia 
disaolved in water with the aid of hydrochloric acid and freed 
from baryta by the cautious addition of dilnto sntphuric acid. 
The filtrate and washinga from the sulphate of barinm are boiled 
for an hour ; the sapogenin which has separated out ia filtered 
ofF, washed, transferred together with the filter to a smal! flask 
and exhauated by boiling with 83 per cent of alcohol. On 
evaporating the filtered alcoholic aolution and drying at 110° the 
weight of the sapogenin ia aacertained and may ba calculated to 
Baponin, 100 parts of the latter yieldiog on an average 35-8 parta 
of tho former. 

Chriatophsohn obtained tho following resnlts in a soriea of 
' comparative experiments with both methoda. The aeeda of 
Agrostemma githago were treated as directed in A, 
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In the Tariona sarsaparillaa Otten found, by method A, from 
I 1'2I to 3'43 per cent of saponin. (See also § 167.) 

§ 79. DigÜonin, which ia alÜcd to saponin, may be diatin- 

I guished by ita assuming a fine red colour when hoated with 

I dilute Bulphuric or hydrochloric acid. Like saponin, it ia easily 

I Boluble in cold water, aparingly in cold absolute alcohoL (Cf. 

g 155, 167.) 

EXAMINATION FOR ACIDS, ETC. 

§ 80. Estimation of Total Organic Acids. — Part of the filtrate 
L obtained in ^ 73 and 76 ia concentrated and, after complete 
I disaipation of the alcohol, precipitated with neutral acetate of lead, 
iding an excesa, After standlng from twenty-four to forty-eight 
I Iioura the precipitato is filtered ofT and treated aa directed in g 49. 
[ The organic matter present ia noted aa organic acids and allied 
L tttistancen. If the presenco of tannic acid, which haa escaped re- 
L moval by the previoua treatment with alcohol, is aua^iected, it 
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should be estimated in a portion of the fiJtrate from g 73 or 
§ 76, by precipitatioa with acetate of oopper (et g 50), and de- 
ducted from the total organic acids. 

g 81, QuaiU(Uive Separatioji. — If tha lead precipitate is at first 
amorplious, but becomes cryatalline on Btanding, malte or fumaric 
add^ may be present (See also ^ 214, 230, 221.) 

The acids thus precipitated may bef urther qualitatively examined 
by Buspending the moist precipitate obtained as directed in § 80 
in pure water and deoomposing with sulphuretted Jiydrogen. The 
filtrate from the sulphide of lead is evaporated on the water-bath 
to a Hmall bulk and, when the odoui- of sulphuretted hydrogen 
has disappeared, lime-water is added to the cooled liquid tili the 
reaction is alkaline. If a precipitate ia praduced which dilute 
acetic acid faila to dissolve completely, oxalie acid is probably 
present,* (See also ^214, 218, 219.) If, on the other band, 
it is entirely soluble in acetic acid, a fresh portion sbould be 
tried with Solution of chloride of ammonium. Tarlrate of calcium 
(§ 217) dissolves, racejnale (§ 218) doea not. In the latter case care 
ahould be taken not to mistake phosphate for racemate of calcium. 

If lime-water has caused no precipitate in the cold the Solution 
ehould be boiled. Any turbidity that may now occur would 
indicate citrkadd. (§g 215, 216, 218.) 

Aconüic acid is not thrown down by lime-water even on boiling, 
but it is characterized by the slight solubility of its acid ammonium 
galt in 50 per cent alcohol, The liquid to be tested is divided 
into two portions, one of which is neutralized with ammonia and 
added to the other, Any crystais of acid aeonitate of ammonium 
which separate out should be washed with 50 per cent alcohol, 
From thia salt the acid may be isolated by adding a slight oxcess 
of sulphurio acid and shaking with ether. Ita identity may be 
established by the ultimate analjsis of the calcium, silver and 
ammonium aalts. (See also § 216.) 

I think it ia very probable that the so-calied Maratlin is aconi- 

Itate of calcium (g 102). Sphtero-crystals of this subatance were 
' For tha Bolubility of malate oE leod 
tleposition of a CF^Btalline ealt an cool 
Chemie, xiv. 373 (Journ. Cham. Soo. xsuc. iiO). 
° Oxalats al calcium {g§ 100, 21U)uft«n eeCtles iilowly and on filtration posaes 
thcDUgh the pores oi tha filter. Muck hoe Ehown (Zeitschr. f. anal. Chemie, 
Ix. 451) that the precipitate ie mach eoeiec to raanipulat« if amall quantitiea of 
»liiminiiiTn %aÜB fje pFBUint. 
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obaeirad by Russow in the Btems of species of Marattia which 
had been kept in alcohoL 

If the presence of an Oxalate bas been indieated by the action 
of acetic acid, tbe actd Solution skould be filtered off and super- 
aaturated 'with linie-wat«r, which would ro-precipitate tartaric, 
citric, racemic acid, etc. Citric acid may be detected by boiling 
the filtrate. Citric and tartaric acids may he separated quantita- 
tively by Allen'a method.i The acids are dissolved in 20 volumes 
of epirit, and a concentrated Solution of acetate of potassium 
added. After standing twelve houra the acid tartrate of potassiiun 
18 coUected and estimated eitber gravimetrically, or by titration 
"with normal Solution of soda. (See also ^ 214 ei seq ; 317 el seq.) 
§ 82, p'ol. EsHmalion ; Mineral Acids; Free and ComUned Acid. 
— If only one of tbe non-Tolatile acids mentioned can be de- 
tected, tbe estimation made in § 80 may be cbecked by decom- 
podng the lead precipitate from a known fraetion of the aqueous 
extract with sulphuretted bydrogen, evaporating the filtrate and 
titrating tbe residue diasolved in water. But in thia casc tho 
pboaphorie and sulphuric acids previoiisly estimated in g 7 muat 
be deducted (g 214). 

Mineral acids may be tested for qualitatively by adding a, drop 
of an alcobolic Bolution of metbyl-violet. Mineral acids cbange 
the colour to hluiab-green. 

Tbe amount of free acid preaent in fruits, etc., may be estimated 
in tbe aqueous extract by titration with normal alkalL Ä similar 
determination may be made in tbe alcobolic extract (§ 47), Äny 
excesBof acid found in tbe first estimation over that in tbe second 
may generally be ascribed to tbe acid salts present. 

If an extract from a vogetablo Bubstance is to be specially 
examined for free tartaric acid in tbe presence of acid tartrates 
(of calcium and potassium), the liquid may be cvaporated to a 
ejnipy consiatence and the tartaric acid extracted with ether or 
absolute alcohoL'' The alcobolic or ethereal Solution ia cvapo- 
rated, the residue dissolved in a bttlo spirit and tbe tartaiic acid 

^^^ separated by tbe addition of alcobohc Solution of acetate of 

^^H {totasBium.^ 

L 



■ ZaitMhr. f. anaL Chemia, ivL 251 (Pharm. Joum. Trans. 13], *i. 6). 

* Cf. Claue, Zeitachr. f. anal. Chenue, xvii. 314. 

• See aLio Neggler, Zeitaohr. £. anaL Ciemie, xviii. 230 (Jouni. Chem. Soo. 
iivi. BSI). 
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EXAMINATIOS FOR GLUCOSES, SACCHAEOSES, ETC. 

g 83. Ghicoses. — The alcoholic extract may, as mentioned in 
§ 70, contain a small amount of glueoae which, if present, should 
be quantitatively estimated, But, as was there obaerved, the 
whole of the glucose is not usually removed by cold alcobol, and 
the remainder must be looked for in the aqueoua extract. If no 
tannic acid or other aubstance that reduces Fehling'a Solution is 
present, the glucose may be estimated in part of the aqueoua 
extract in g 71 by direct titration.' But if the glucoae is ac- 
oompanied by other aubstances that also reduce the salt, these 
muat be removed before the estimation can be made. They 
may be avoided by using the fil träte from the mucilage 
precipitate (§ 73), or from the dextrine group (§ 76) ; the 
■ alcobol must be removed by evaporation, the residue diasolved in 
water and made up to a known volume. (Cf. § 197.) If such 
aabstancea as tannic acid, etc., have to be removed, it is best to 
precipitate a portion of the aqueous extract with basic acetate of 
lead and remove the excess of lead with sulphuric acid before 
determining the sugar. 

Instead of keeping the alkaline copper Solution recommended 
by Fehling ready for use, I keep separate Solutions of the three 
saJts of which it is compoaed, viz., 34'639 grams of cryatallized 
sulphate of copper, 173 grama of Eochelle salt, and 120 grama of 
caustic soda, each in a litre of water. 10 cc. of each of these eolu- 
tiona with 20 cc, of water represents 10 cc. of alkaline copper Solu- 
tion diluted with i volumes of water as recommended by Tehling. 
Of the three solutions the sulphate of copper alone i'equires to be 
accurately measured. 

The titration is made aa follows : the alkaline copper Solution 
ia bronght to the boil in a white porcelain diah and the sugar 
Solution (previously made up to a known volume) added from a 
burette until the bluo coloui' has completcly diaappeared. 10 oc. 
of copper Solution indicate O'Oö gram grape-sugar. Sbould the 
final disappearance of the blue colonr be concealed by dark 
colouring matter, etc., in the aolution, a few drops may be rapidly 

^ On the estimatiim o£ BUgar with copper Solution, eee Fehling, Animlen d. 
Chem. u. PbfHUi. Ixxü. 106, cy[. 75 (Pharm. Joum. Trans, [l], ii. <19) ; 
Graager, N". Jahr, f. Pharm, iiii. 193 ; 0. Schmidt, ib. 270; Stffidsler u. 
Ktauae, Annalen d. Chem. u. Pharm. Ixix. 114 ; Pellet, Jonni. de Phann, ab 
de Chimie, 4te S^rie, ixvü. 160 (Juotn. Chem. Soc. xixiv. 612). 
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filtored off and tested for copper by the addition of acetic aeid 
and ferrocyanide of potasaiuin. Eut a slight reaction will 
generally bo obtained aa traces of copper remain in Solution and 
the absence of any reddish-brown precipitate after the lapse of a 
few minutes must be taken as suffitient indication of the termina- 
tion of the roaction. 

It ia well known that the sugar Bolution should be very dilute ; 
the best strength is about ^ per cent. If a preliminary experi- 
raent shows it to be more conceutrated, it should be diluted to 
about this strength. ^ 

The estimation may also be made gravimetrically, by quicldy 
liltering off tho cuproua oxide, washing with water, drying and 
Converting into cupric oxide. Thts niethod is advieable if, in 
titrating, the final reaction ia obBciirod, or iE the amount of sugor 
Solution available is not sufficient to complete the reduction of the 
copper-salt taken. 

But it must bo borne in minrl that by drying the cuproua 
oxide on the ülter and weighing incorrect reaults woiUd, aa 
Bninner^ has shown, be obtained, since the alkaline copper Solu- 
tion dissolves cellulose and the filter accordingly loses weight 
It ia better, therefore, to dissolve the cuproua oxide and deter- 
mine the copper by the usna! methods, or to estimate the excess 
of copper in the filtrate.' 317" parts by weight of copper, 
357 of cuproua oxide or 397 of cupric oxide indicate 180 of 
glucose, 171 of aaecharose or 162 of starch, etc. {§ 200). 
■ § 84, Olher Methods of Estimaling Glwose. — Glucose may alao 
be estimated by.Knapp's reagent,* which consista of 10 grama of 

■ Soriilet— Zeitaehr. f. anal. Cheinie, i vüL .118 (Phann. Junrn. Trana. [3] 
li. 720) — haa ehawn that thereJucmgpnwer of theglucuse variee with the con- 
centnttioa of the Bolatiuna. In makiiij« estimations the mignr solutiun ahmild 
tharefore bo of aanearly bh pogäible the aarae strength aa that uaed foratandard- 
Ixing. According to Soxhlet the Gravimetrie estimation in prenence of an 
excess of copper may be attended with considerablQ error. But Maercker 
lUB shown that aatisfactorj reaults may be obtained by ttia method also, if the 
Bame conditiona are olways obsarved. See also Ulbricht, Chem. Centralblatt, 
1878, 392, 584. 
' Zeitschr, f. snal. Chemie, xi. 32 iJonm. Chem. Soc. »a». 928). 
Compare alao Weil, ib. £81 ; Mohr, ib. xÜ. 296 ; Jean, ib. 111 ; Lagrange, 
IV. 111 ; Brücke, ib. 100 ; Maachke, ib. ivl 425. (See Joum. Chem. 
.XIV. 1121; ixrii.292; xxxL. 805,ib. 116; «lii. 930.) 
Annal. d. Chem. n. Pharm, cliv. 252 (Pharm. Jonm. Trans, [3] L 301). 
See kIbo Mertena, Zeitacbr. f. anoL Chemie, xiü. 76 ; Bramme, ib. xtI. 121. 
Knapp's reagent keep« oonudenblf betteo' tban Febling'a, 
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mercuric Cyanide and 100 cc. of cauatic soda (3p. gr. 1'145) in a 
litre of water j 04 gram of the Cyanide -40 cc. of Solution indi- 
cate 0-10 gram glucoae. Knapp daterminea the end of the ex- 
periment by touching & drop of the Solution ou filter pai)er with 
a drop of sulphide of ammonium. An exceas of mercury would 
produce a brown colour (§ 200). 

Instead of Knapp's aolution an allcaline Solution of potassio- 
mercuric iodide may be employed for estimating glucosa, aa re- 
commended by Sachsse. The sugar Solution for thia reagent maj' 
be prepared as directed in § 83. The roi^ent as first rocommeiided 
by Sachsse^ contained a large exceas of alkali, which reDderedthe 
estimatioQ of dextrose and levuloae in the presence of aaccharose 
inaccurate. Heinrich'' thereforo altered tho compoaition by re- 
ducing the amount of alkali to a ininimum, and directed that a 
litre ahould contain 18 grama of mercuric chloride, 25 of iodide 
of potassium and 10 of caustic potash, 40 cc. indicate 0'1342 
gram glucoae. The titration is made in the same way as with 
FehUng'a Solution, and the end of the experiment detcrmined by 
teating a drop with atannous chloride, which ahould not throw 
d wn p pitate, showing that no exceas of mercury 

m m The preaence of anunonium aalts does not 

m wi h h action, Nessler's reagent for ammonia has a 

mp m to Heinrich'a modification of Sachase'a aolu- 

b nta far larger quantity of cauatic alkali, which ia 

n y h d tection of ammonia {§ 97). 

The appearance of the final reaction is retarded if the Solution 
containa but vety amall quantities of invert-sugar. It ia advisable 
to make the mercurial Solution of auch atrength that 5 cc. indicate 
O'OieS gram of invertangar. 

Glucoae may also be eatimated gravImelTicdlly by uaing an acid 
aolution of a mercuric salt, The reagent recommended contains 
in a litre 30 grams of mercuric oxida, 25 of concentrated acetic 
acid and 30 of chloride of sodinm. On boiling with sugar the 
raorcury ia reduced and may be weighed as mercuroua chloride.* 
5'88 parts of calomel indicate 1 part of glucoae. 



1 Jahreab, t. Pharm. 1876, 375 (Joom. Cbein. Soo. isxii, 220). 
trohmer u, KlauM, Cheni, CentraJblatt, 1877, 067, 713 (Joura. Cl 
rav. 246). 

= Cham. Ceotralblatt, 1878, 400 (Joum. Chem. Sog. xixvL 180). 

' Jahresb. t. Phann., 1877, 340. 
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The reagont ia said to be witliout action on cane-siigar, glycerm, 
arabin and dextrin. 

§ 85. — Influenf.e exerted hp Saccharoses. — If the glucose in the 
liquid under examinatioo is not accompanied by Saccharose, or 
other oarbohydrate not precipita.ble by alcohof, fairly accuiate 
reaiilts may be obtained by the methoda detailed in §§ 83, 8i. 
But aaccbaroses influence the eatimatioo by their presence to an 
appreciable extcnt, altbongh they do not themselvea, when pure, 
reduce Fehling's or Sachase'a Solution. 

The same apphcs to the determination by fermentation (g 204) ; 
aaccharoBes may be partially converted by the yeast into ferment- 
able glucose. 

It cannot be said that we are in a position to estimate ivith 
exactnesa in every caae the proportion of glncose and Saccharose 
in mixtures. Sometimes, it ia true, the accuracy of the estimation 
leaves httlo to be deaired — as, for example, mixturea of dextroae 
or invert-sngar with cane-sugar. Sohitiona o£ such mixturea 
may be examined in the polariacope, in addition to being teated 
ehemically. But many instaneea occur in which the necesaary 
conditiona do not obtain. (Cf. g§ 208, 209.) 

§ 86. Estimation in Presence of Süccharose. — In such caaea the 
only method we can adopt is, firat, to remove the carbohydrat«3 
precipitable by alcohol (^ 73, 76), eatimate the glucose with 
Fehling'a Solution, and then repeat the estimation after acidifying 
withl per Cent, hydroehloiic acidand boilingfor 15 to 20minuteH 
(or aeveral honra if the preaenee of mycoae be suspected) in a flask 
provided with an upright condenaer. If the two determinations 
yield fairly concordant resulta, it may be assumed that no Saccha- 
rose ia present ; on the other band, any excesa that the second 
may indicate over the first may be noted as 'Saccharose or aliied 
carbohydrate.' The poasibiÜty of eiTor muat, however, be 
admitted (§ 307). 

§ 87. Estimaiion of Saccliarose alone. — If the Solution contains a 
Saccharose alone, with the exception of milk-augar or maitose, it 
will not reducß Fehüng at all. Althongh, therefore, no reduction 
may be observed, the Inversion with acid ahould not on any account 
be omitted, as the Solution may contain a aaccharoae. {Ct g 207.) 

Accordmg to Pillitz,^ cane-sugar may be easily inverted by 



76 



SUBSTANCES SOLUBLE IN WATER. 



hoating a Solution of 1 part in 12 or 13 o£ water with 1-5 to 20 
parts jier mille of Bulphuric acid (specific gravity 1"12), in sealed 
tubes, to 130° or 135°. The estimation of sugar by the fermenta- 
tion of euch solutiona ia said to yield numbera that are rather too 
low. That is not the case with detenninations by Fehling'a or 
Knapp'a mcthod. 

I am, on the whole, moro inclined to use hydroohloric acid for 
inverting ; but if the acid is to be subsequently removed, I must 
acknowledge that sulphnric ia to bo preferred, aa it ia easily pre- 
cipitated by carbonate of barium. 

§ 88. B'uttget's Test. — The above testa also suffice for the detec- 
tion of glucosB and Saccharose. Biitfcger's bismuth test may be 
employed as conflnnatory of the preaence of the foimer. It conaiBts 
in wamdng the liquid with a Solution of carbonate of soda, to- 
gother with oxynitrate or hydratc of biamuth ; if sugar be preaont, 
grey suboxide of bismuth is fonned. (See also g 200.) 

g 89. Dislindive CharadeTisHcs.—Tho chief marka of diatinction 
between the various members of the glucose or of the saccharoHö 
group are to be found in the difference in crystaUine form, etc., 
and in the action on polarized light. In the cases here alluded to, 
uae may sometimea be made of these characters, especially if the 
Bolution contains only one carbohydrate and no other substance 
that might influence the crystallization or optical activity. But 
these conditions are seldom fulfilled, and in the majority of caaea 
we muat, therefore, forego an exact identification of the partlcular 
glucose and Saccharose present, unlesa we have a considerabla 
quantity of the substance under examination at our disposal. 
(Ct ^ 205-207.) 

If we have command of a large quantity of material, it would 
be best to endeavour to effect the Separation of the carbohydratea 
by treatment with different aolvonta, decolourization with animal 
charcoal and crystallization. The crystallization of glucose ia 
favonred by direct sunlight; the preaence of a small quantity of 
a mineral (hydrochloric) acid may also prove advantageous. (See 
also g§ 205-207.) 

g 9Ü. Sol'oble Modijkaibn of Arabk Add. Alhiminoids not Pre- 
cipilated by Akohol. — In almoat every plant-analyais the aum-total 
of the separate eatimatioas of tiie subatanoea soluble in water 
(mucilage, etc.) will be found lower than the estimation of the 
total aolida in Solution. One or more aubstancea must, therefore, 
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generaUy be prßsent that are soluHe in water, not precipitated by 
alcohol or neutral acetate of lead and have up to the prescnt 
time eluded inveatigation. It might appear haaardoua to malte 
conjectnrea aa to the nature of these substancea, bnt I cannot help 
remarking that in some cases a subetance seemed to me to be 
present which, after evaporation of its alcohoUc or aqueous Solu- 
tion, did not again disaolve completely in either of those iiqnids. 
It appeared to agree in some of its propertiea with that form of 
vegetable mucilage that is obtained by dialyzing acidified Solutions 
of gum, etc., which sometimes remains in Solution on the addition 
of alcohol. When I have met with a substance agreeing with 
mucilage in this peculiarity, I have spoken, it is true, of a ' eoluble 
modification of arabic acid,' but I have not omitted to place a 
query after it.' The further investigation of this substance is a 
desideratum for plant-analysis. 

But in thus aasuming the presence of such an ' arabic acid,' 
account must be taken of the resiUts of the nitrogan determina- 
tions to bß described in § 96. By deducting the nitrogen in the 
residue of the material after extraction with vater from that in 
the original substance, the amount in the substances soluble in 
water is ascertaiued. If, now, the amount of nitrogen present as 
albuminoids, nitric acid, ammonia and alkaloid is calculated from 
the separate doterminations and found to be much smaller tlian 
the eatimation by difference, it should be remembered that under 
certain conditions water may dissolve albuminoids which alcohol 
fails to precipitate. 

§91. MannUe. — Anothor substance, however, which is pf not 
unfrequent occurrence in the vegetable kingdom, would similarly 
elude detection by the f oregoing experiments with the alcoholic and 
aqueous extracts, as it is almoat insoluble in cold absolute alcohol 
but ia not precipitated from its aqueous Solution by the addition 
of either spirit or lead salts. The substance reforred to is mannite. 
I£ present it would be included in the deficit mentioned in § 90, 
but would be easy of detection, aa it crystallizes with great facility 
in long priams and needlea and is somewhat sparingly soluble in 
cold spirit, It may be approximately estimated by precipitating 
the aqueous Solution with alcohol and basic acetate of lead, 

' Comparemy 'Cbem. Beiträge i. PomologiB,' Dorpat, 1878 ; Tetliig d. Dor- 
pater Naturforscher GieKllach. ; nnd Ffeü, ' Cbem. Beitt^ge z. Pomologie,' 
Diu. Dfqiat, 18S0. 
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removing the lead by sulphuretted hydrogen and any glucoae 
that may ba prosent by rapid fermantation. Tho residuo may ba 
exhauated with boiling 90 per cent alcohol and allowed to crystal- 
lize in the cold. But an accurato result cannot be expected, since, 
in addition to ofcher errors, maonite may be produced in eonsider- 
able quantity by the fermentation of cane-sugar.^ For particulars 
of some substances alliod to mannite see § 212. 

The niethod of examination. for bitter principlea, glucoaidea, and 
alkaloids has boen described in ^ 58 to 69. (See also ^ 165 
et seti. ; 171.) 

EXAMINATION FOR ALBUMINOIDS SOLUBLE IN WATER, 
AMMONIACAL SÄLTa AND NITRIC ACID. 

g 92. Extraction of Albuminoids.~\t has already bcen obserred 
in § 74 that if the residue, after extraction with ether and alcohol, 
be exhauated with water the estimatlon of aibuminoids in the 
aqueous extract thua prepared will generally give inaccurate 
rosults. A fresh portion of material should therefore be directly 
exhausted witli water, or, if much fixed oil is present, tho extrac- 
tion with water may be precedecl by trcatment with petroleimi 
spirit. After having removed the fixed oil (if necessary) from. 
about 10 grams, the residue is dried afc 40' C, macerated with 
100 cc. of water, with frequent Agitation, for 4 to 6 hoiira, and 
filtered aa described in | 71, If thought deairable the maceration 
may be condnoted at a temperature not exceeding 35° to 40°. 
(Compare alao § 225 et seq.) 

DetectioTi. — With a portion of the filtrate qualitative experi- 
ments should be made. Amoag the reagenta used for tho deteo- 
tion of albumen, iodine and mercuric nitrate (containing as little 
free nitric acid as possible) may be mentioned ; the former colours 
it brown, whilst the latter prodiicea a yellow colour, changing, on 
the addition of a trace of nitroua acid, to a splendid red. The 
addition of cauatic potasb to albumen, previoualy moistened with 
Solution of solphate of copper, is followcd by the appearance of a 
bluiah-violet colour. If tho amount of albumen present be rather 
small, these experimenta may be made with the precipitatea ob- 
tained by the addition of an acid to the aqueous Solution {§ 93). 

Microehemkai. — These reagents also scrve for tho mierochemical 

äeteetion of albumen. The latter substance poasesaea, moreover, 

' Archiv d. Pharm, iv. 47 (Joucn, Chem, Soc. xutüL 100). 
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the property of abaorliing aniliite-violBfc (protoplasm generally 
assuming a bluish-violet, the cell-nucleus a reddish tint), carmine, 
cochineal, picro-carmine, etc. Note should also be taken of the 
form in which the albutnen occurs, whether crystalline or 
amorphous, etc. (See also ^ 74, 90, 95, 194.) 

Protoplasm ia coagulated by absolute alcohol and by glycerine, 
It becomes clcar with Solution of caustic potash, cloudy with 
acetic acid. Nuclei aro generally stained more deeply than pro- 
toplasm by aniline-violet, etc., and by iodine. They are coloured 
deep blue by a Solution of htematoxylin (1 : 30} and alum (1 : 10) ; 
the formor alone also produces tho same effect if the section has 
been previously treated with picric acid and the excess of tho 
latter completely removed (Schmitz). Crystalloids dissolve in 
diluta potash, ammonia, and acetic acid. 

Precipüation. — Albuminous substances are precipitatedbyferro- 
cyanide of potassium and acetic acid, by aqueous Solution of 
trichloracetic acid, and by Solution of xanthogenate of potassium. 
The precipitate produced by the last reagent becomes flocculent 
on heating to 30° (Zöller). (See also g§ 95, 231, 232.) 

§ 93. Esiimalm of Legamin and Globviin.—'P^rb of the filtrate 
(25 to 50 ec.) ia acidified with hydrochloric acid in the cold. By 
this means such substances as legwmin aro procipitated ; they 
ahould be collected on a tared filter, washed first with water 
acidified with hydrochloric acid, then with 40 per cent spirit, 
dried and weighed, deducting ash (§ 225 ei seq.). If hydrochloric 
acid has caused a precipitate, a fresh portion of the filtrate ahould 
be tested for fflobulin by aaturating with carbonic acid. It should 
also be ascertained micro3Copically whether the precipitate (if any) 
ia crystalline or amorphous. (Cf. gg 226, 227.) 

§ 94. Estimalion of Alhumeru—To the filtrate from the Icgumin 
(without the apirit'Washings), 5 to 10 cc. of a concentrated Solution 
of chloride of sodium are added, together with enough acetate 
of soda to removB all the hydrochloric acid, and the wholo 
raised to the boiling-point. If flocks of albumen separate they 

Imust be collected, waahed first with boiling water, afterwards 
>rith 40 per cent. spirit, dried and weighed, deducting ash. 
In the absence o£ legumin 25 cc of the aqueous extract may 
be mixed with 5 cc of a concentrated Solution of chloride of 
Bodium and a few drops of acetic acid and treated as described 
in the foregoing paragraph. (See also § 230.) 
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§ 95. Eslimation of Total Albumen. {a) Frecipilation wüh 
Tanniii. — Another portion (25 cc.) of the aqueoua extract is 
mixed with half its volume of a concentrated Solution of aalt and 
B> Solution of tannin and acetic acid in dilute alcohol (20 grams 
tannin, 37'5 cc. glacial acetic acid, 4:00 cc. spirit made up to a 
litre with water) added as long aa a precipitate is produced. 
This is then rapidly filtered off, washed with water and dried. 
The albumen contained in it may be determined by estimating 
the nitrogen and niultiplying by 6'25 (see g 224), or by extracting 
the tannin from the powdered precipitate by boiling with alcohol, 
eollecting and woighing the residue. (Cf. § 229.) 

This estimatioD of albumen should be compared with the 
previouH estimations of legumin (§ 93) and albumen (g 9i). If the 
determination by tannin yields a higher rosult, the difference may 
be token to represent albuminoua substances not precipitated by 
hydrochloric acid or by boiling with acetic acid. (Compare also 
the remarka on peptone in g 232.) 

As already obaerved in g öl, in worldng with substancea con- 
taining a large quantity of tannin, the resulta obtained by pro- 
ceeding as directed in §§ 92, et seq., canoot be quite acctirate, aa parb 
of the albuminoua matter is retained by the tannin in the rcsidue 
inaoluble in water. This undissolved albumen may be determined 
aa directed in g§ 96, 224. 

Amongat the substancea which facilitate the Solution of albumen 
we may include arabin. Günsberg^ haa proved that albumen, of 
animal origin at leaat, is precipitated by gum from slightly acid 
Solutions, but rediasolvod by an excesa. Dextrin is said to differ 
from gum in not redisaolving tbe precipitated albumen when 
added in excess. 

g 96. Toltd Milroijen. — It ia advisable to determine the total 
nitrogen in the subatance umler examination before and aftei 
exbauBtion with water ; the difference representa the nitrogen in 
the Bubstances removed by that menatruuia If from this differ- 
ence the nitrogen contained in the albumen estimated according 
to g§ 93 to 95 ia deducted, the ixsmainder will be nitrogen that 
has been disaolved by water in the form of ammoniacal aalts, 
amidcs, alkatoida, nitrates, etc. The foUowing cstimations should 
be made with the object of determining aa far as possible in what 
State this remaining mtrogen exista. 

' Jnurn. f. pmct. Chem. hüxvüi. 239. 
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§ 97. Ammonia,'^ — A portion of the aqueoqa extract (§ 92) ia 
mixcd with two voliiines of alcohol and filtered, To tho filtrata 
and washings calcioed magnesin is added, and the ammonia 
^^^ diatillad o£f into a receiver containing a measured quantity of 
^^K normal sulphuric or hydrochloric acid, eveiy precaution being 
^^H taken to avoid loaa of ammonia and spirting of tho magneaia 
^^H mixture into the receiver. The apparatua I nse is represented in 
^^^1 Fig. 2. The flask A should not be more than half füll of magnesia 




mixture, and a plug of glass woo! should bo inserted in the nect 
The small tube e contains glass beads, which are moistened with 
part of the acid. The distillation ia complete when the vapoura 
that issno on openüig the clip h are free from alkaline reaction. 

IThe eatjmation may be completed in either of tho two following 
waya: 
(a) The excess of acid in the re<!eiver is determined volumetri- 
cally and deducted from the quantity taken. From the differ- 



' CotDpore alao Moi^eu, Zaitscbi. f. anal. Chem, xx, 87 (18S1). 
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eitce the amount of ammonia may be calculated in the usual 
iray. 

(b) Tlie amtDonia may be distilled into hydrochtoric acid, the 
liquid evaporated to drj-ness, the residue altematelj- moistened 
and dried two or tbree times, and the chlorine estimated volu- 
metrically by nitrate of silver and Chromate of potash. From the 
chlorine found the amount of ammonia may bo calculated. 

Another method for the estimation of ammonia is that pro- 
posed by Schloessing. A few grams of the material made into a 
paste with water, or better, a concentrated aqueous extract, is 
mixed with milk of lime and placed over a mejisured quantity of 
Volumetrie aulphuric acid imder a bell jar. The ammonia liborated 
by the lime ia absorbed by the sulphuric acid, and after standing 
two or three daya at a temperature as nearly coustant as poasible 
{8° to 10°), the amount of acid thua neutralized may be aacertained 
by estimating the excess with Volumetrie Solution of soda, and 
from this the ammonia may he calcidated. 

It must be admitted' that in all these ex]}erimeiits the action 
of the hmo or magnesia on albumiuous substauces may result in 
the fönnation of ammonia. It is advisable, thercfore, tö remova 
such aubstances by precipitation with basic acetate of lead before 
distilling. Glutamine and asparagine, however, remain in Solu- 
tion. These substances, when pure, aro not acted upon by eithor 
lime or magnesia, but Schulze believes that tbey undergo a partial 
decompositiou in mixtuieB, and therefore recommends boUing 
witb hydrochloric acid for one to two hours (compare remarks 
on asparagiue, § 191), by which thcy are completely reBolved 
into the conesponding amido-acids and chloride of ammoniusL 
The estimation of ammonia now includes the total ammonia 
derived from the asparagine and glutamine. These two sub- 
stances may, however, be determined by Sachsae's method, aud 
the ammonia they yield calculated and deducted. 

If the precautions mentioned have been obseired, the first 
method (a) will generally yield satisfactory results. 

g 98. jimido-Compoutids, ek. — The foregoing estimation will be 
inaccurate if the material under examination contoins amido-com- 
pounda, etc., or volatile alkaloids, as the former yield ammonia and 
the latter diatil over and saturato part of the acid. Manjamines, 

. in (1878); Joarn. 
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etc., thus liberated, yield with. perchloride of platinum double salts 
(§ 183) that aro soluble in ether-alcohol, and error may therefore 
be frequently avoided by precipitatiog a second portiön of the 
distillate with excesa of perchloride of platinum, evaporating on 
the water-bath, extracting the residue with ether-alcohol, drying 
«nd weighiog inatead of titrating the excess of acid with aa alkali. 
If both exporiments yield the same resnlt it may be concluded 
with tolerable certainty that no amides, or only traces, are present. 
If the eatimation by tho lirst metbod gives a higher result than 
that by the eecond, the former is to be regarded as the more 
accurate, and tho exccss noted as amido-compounda, etc. If, on 
the other hand, the estimation by platinum ia higher than that 
by titration, the preaence of an amide forming a double platinnm 
Halt insoluble in ether-alcohol and of a higher moiecular weight 
than ammonia would be indicateJ. In the method of deter- 
mining ammonia descrihed in g 97, 6, certain chlorides of amines 
and alkaloidal eubstances, as for instance coniine and nicotine, 
wonid be almoat completely volatilized, and thus escape eati- 
mation. 

The Separation of ammonia from many amines may frequently 
be effected by taking advantage o£ the difference in solubiüty of 
the Chlorides, sulphatos, and oxalatea of the respective bases in 
ülcohoL In preparing larger quantities of the base for closer 
investigation, the material might be distilled with magneaia or 
lime (07 a), the distillate received in one of the above-mentioned 
acida, and evaporated to dryueaa on the water-bath. The residue 
might be extracted with aicohol, the aolution again evaporated 
to drynesB, and the distülation ivith alkali repeated, if poaaible, 
in a ciu^rent of hydrogen. (Cf. % 239.) 

g 99, Nitrk Acid. — For the eatimation of uitric acid another 
portion of the aqueoua extract of §71 ia taken and treated by 
Schulze'a' or Wulfert's- method. 

Schulze directs the liquid to he treated first with pure potash, as 
iong aa ammonia is evolved, then with permanganate of potassium 
(free from nitrate) t il th In permanent after ten minutöH' 
boiling. Excess of ] m n anato s removed by forraic acid, the 
Bolution nentralized w th pu Iphiuic acid and evaporated to 
about 10 cc This th n nt luced into the flask A of the 
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apparatus recommended by Schulze^ (Fig. 3), a weighed quantity 
of powdered alurainimn added, and aolution of cauatic soda alowly 
rim in ; from the deficit in the amoirnt of hydrogen yielded tho 




Fig. 3. 

nitric acid present may bo calculated, The following ara the 
details of the Operation : 

A meaaured quantity of Solution of canstic soda is inti-odnced 

into tho pear-shaped flask £. Thu end ot the glass-rod c ia 

acourately ground into the delirery-tube of B, so that no soda 

can cscapo into A until the rod c is raiaed, The tube C is 

' ZeiUcbc. f. luuü. Cheta. li. 379, anä tL 370. 
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graduated, and communicates with D by meana of an indianibber 
tubö. Both and B are fiUed with water tili the zero in C Js 
reached, the water standing at the eame height in D. The Solution 
of soda is then allowed to flow slowly into Ä (which already con- 
tains the liquid and powdered aluminium), so that the experiment 
may last from two to threa honrs. The hydrogen evolved causes a 
riso of the water in D, but by occasionally opening the clip at g, it 
may be maiatained at about the same level in both tubes. Care 
must be taken at the end of the experiment that the level is exactly 
the same before the final reading is takea From the volnme of 
gas thus found the voluine of tho caustio soda introduced from B 
must bo dedncted, and the remaiader corrocted for temperatiire, 
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pressure, and tension of watui'-vapour. A previous blank experi- 
ment liaving shown the araount of hydrogen obtainable from the 
aluminium takon, tho nitric aciil may be calculated from tho 
deficit, 4 molecidcs of hydrogen corresponding to 1 of nitric 
acid or nitrate of potassium. 

5 100. Wultert's method is a modification of Schloessing'a 
devn'sed hy Schulze : 0'5 to H) gram of the powdered substance is 
boiled with water to which a little milk of limo has boen added, 
filtered and washed ; the filtrate and washings are then cvaporated 
c, and again filtered The fiitrate is neutralizod with 
hydrochlorie acid and introduced into the flask A (Fig. i), the 
neck of which has been drawn out ao as to admit of connection 
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by means of an indiarubber tube witb the bcot glasB tube a. The 
looger leg of the latter is aimilarly connected with st aecood bent- 
s tube c, communication being regulated by a cbp at b. The 
olip being opeued, the atmoapberic air in the flask is completely 
1 by boiling the liquid dowii to at least one-fourth of its 
original bulk. The end of tho glass tube c is tben introduced 
into a precipitating glass containiug about 30 cc. of a conceatrated 
Solution of feiTOUS chloride, and, aftcr allowing a httle Bteam to 
esoape, the clip at 6 is closed and tlie lamp removed. As soon as 
a partial vacuiim has been produced in A, the clip is cautioualy 
opened, and about 20 cc. of the iron Solution allowed to enter, 
The precipitating glass is then fiUed with hydiochloric acid 
(sp. gr. 1'12), and 25 to 40 cc. introduced in a siroilar manner, so as 
to aweep the iron Solution out of the tubes into the flask, After 
closing tha end of tho tube c with an indiarubber stopper, Jt is 
introduced into a mercury-bath and brought under a cyünder B, 
prcTioualy filled with mercury. Tho stopper is now removed, 
and the flask again heated until the pressure in the interior is 

u'ly equal to that of the atmoaphere. By opening the clip b, 
and regulating the pressure with the flnger and thumb, the 
mercury is allowed to risc in the tube so as to drive most of the 
hydrochloric acid into the flask ; it must, however, itself be 
carefully prevented from passing into the latter. After the 
extemal pressure has been overcome, the heat ia so regulated that 
half the Üqiud in the flaab distils over in eigbt to ten miuutes. It 
13 then certain that all the nitric oxide that has been formed baa 
been driven fnto B. The latter is provided with a glass-tap d, 
and can be connected air-tigbt with a measuring tube / After 
cooling, the meaauring tube filled with mercury is fitted on to 
tho cylinder, and the nitric oxide transferred to it by opening the 
tap and sinking the cylinder. Tbe amount of nitric acid may 
then be calculated from the volume of nitric oxide found.^ 

§ 101. Sderotic, Calltarlic Acid, etc. — If the total amount of 
nitrogen in the aqueous extract (g 96) is now found, on com- 
parison, to be larger than that present as albuminoids, alkaloids, 
ammonia and nitrates already estimated, the excess may be 
reasonably aacribed to certain albuminous substauces not pre- 

' On tbe eatimatioD of nitric acid in cultivated plnntn, see alsn Schloeealng, 
Jonrn. f. pract. Chem. lii. 342; Frühling und GrouTen, Landwirthaoh, 
Vennchsat. ix. 9, and IBO (16S7) ; Reichsrdt, Zeitechr. f. atial. Chem. is. 1i 
(1870) (Journ. Chem. Soe. ixiv. 439). 
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cipitated in ^ 93, 94, or certain amido-acitis, such aa sclei'otic 
or oathartic acid, etc. (For the latter aee g 242.) 

EXAMINATION FOR ISUUN. 

§ 102. Eztraction and Estimation. — It hasalready beenmcntioned 
in § 75 that in dried drugs the majority of this carbohydrate is 
preaent in the form of an insoluble modiflcation ; in fresh it is 
always dissolved in the cell-aap, Dried drugs may accordingly be 
treated firat with co!d wator as directed in ^ 71, 93, and the 
residue digested for eome time with water at 55° to 60° (not 
higher). Ät this temporaturo inulin passes into Solution. From 
a maasured volume of the aqueoua extract it may be precipitated 
by the addition of three volumes of alcohol ; and if for every 
100 cc. of mother liquor a coirection of Ol gram of inulin ia 
made, it may be thus estimated with tolerable accuracy.'^ 

Charaders. — Inulin is not precipitated in a gelatinous or cürdy 
form, but in a pulverulent condition. It haa already beeu ob- 
Borved that an aqueous Solution is laevo-rotatory, and that boiling 
with a dilute acid converta it into lasTo-iotatory fniitrsugar 
(Icvulose). Inulin may bo satiafactorily estimated by Converting 
it into levuloae and titrating with Fehling'a aolution. Of courae, 
the above mentioned coiTcction must be made. 

I should not, however, proceed to the extraction with water at 
55" to 60° unless a prehminary experiment hail Indicated the pro- 
bable presenco of inulin. 

Mkroscopicai. — In dried drngs inulin uaually appeara, under the 
micrOBCope, in the form of agglomerated masses in the parenchy- 
matons cells. li fresh parta of planta that contain inulin are 
allowed to stand for several days ia strong apirit, it is depoaited 
in very characteristio sphsero-crystals, which disaolvo in acid and 
alkali without awelHng. 

Inulokl, which ia said to occur in apring in the rhizomes of 
planta of the natural order Compositie, may also form similar 
aphsero-cryatala, aa do also marattin and a aubstance found in 

IAcetabularia mediterranea which haa not yet been closely investi- 
gated. (Cf.§81.) 
Innloid is said to ho diatinguiahed from inulin by its somewhat 
greater eolubility in water.^ 
"7 



' Compure my 'Materialien za einer Monogruphie des Inulina.' St. Peters- 
burg, 1870. 
> Compare Annal. d. Chem. u. Fharm. elvi. 160. 
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VI. 

EXAMINATION OF SUBSTANCES SOLUBLE IN DiLUTE CAUSTIC 

Soda ; Metarabic Acid, Albuminous Substances, Phloba- 
phenes, etc. 

§ 103. Exiraction. — The residue insoluble in water (§ 71) is sus- 
pended, whilst still meist, in water containing a known quantity 
(about 0*1 to 0*2 per cent.)^ of caustic soda in Solution, using 
about 10 CO. of alkaline liquid for every gram of original 
substance. After standing for about twenty-four hours, with 
frequent agitation, the mixture is filtered. From 20 cc. to 50 cc. 
of the filtrate areaeidified with acetic acid, mixed with 3 volumes 
of 90 per cent. alcohol, and allowed to stand for twenty-four 
hours in a cool place, The precipitate is then coUected on a tared 
filter, washed with 75 per cent. alcohol, dried, and weighed, de- 
ducting ash. This precipitate usually consists of mucilaginous 
substances (pectin) and albuminoids. The former generally cor- 
responds to Scheibler's metarabic acid (§ 195). 

§ 104. Detedion and Estimation of Albumen, — If Lassaigne^s test 
shows the presence of a considerable quantity of albuminous sub- 
stances, these should be estimated and deducted. To this end 
another portion of the filtrate is precipitated as in § 103, the 
nitrogen in the precipitate estimated and calculated into albu- 
minoids (§ 224). This amount is then deducted from the weight 
of the precipitate in § 103. (See also §§ 226 et seq; 236 to 238.) 

§ 105. Estimation, — But the amount of albuminous substances in- 
soluble in water thus found cannot be noted as such in the summary 
of results unless it corresponds to that calculated from the nitrogen 
in the residue insoluble in water, as directed in § 96. If the latter 
is lower, it is to be regarded as the more accurate of the two ; the 

^ Not more, otherwise starch is attacked. 
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ALBÜMINOIDS NOT DISSOLVED BT DILÜTE SODA. 

explanation f thi t b f und m tlio fact alluded to in g 32 et 
sej., via., th t th m t 1 1 t d according to g 103 has been ex- 
hausted w th th d 1 h 1 p evioiia to boing extraoted with 

water, and th t th f th quantity of albundnoida taken 
into solut n mall th th t extracted according to § 92. 

But since th 1 bl Ib d Are determiiied in mateiial that 

has not be 1 j t d t th att n of ether, etc., it follows that 

the nitrog th d ft exhaustioE with water should 

guide US i tun th 1 bis albuminoidB. 

It flhould b b d th t extraction with dilute caustic 

aoda is oft öi t t m e all the eubataoces aoluble in 

that menat m Th t t t should thereforo bo repeated a 
eeoond and, f n j third t me. 

S 106. AlbumiiWids not Dissolved by D'dute Soda. — There still 
remoina the questiou whether tha assiimptioD is admiasible that 
all albumiuoids insoluble in water are disaolved by the dilnte 
caustic soda uaed in g 103. I can only reply that in a large 
number of experiments made by Stackmann, Koroll, and Cramer- 
Dolmatoff.i the residue after extraction with water, alcobor, and 
soda was always teated for nitrogen, with the result that in 
none but substances very rieh in suberin could it be said that 
a littlo was often present. Of course, it would be possible 
to apply Laasaigne'8 test to the residue after extraction with 
dilute soda ; if evidence of nitrogen be obtained, the amount 
should be estimated and calculated as " albuminoids insoluble 
in dilute soda." In experiments made by Trcflner* on mosses 
in my laboratory it was found that the amount might occasionally 
be very considerable. At all erents, if nitrogen is present, the 
quantity should be determined. (Cf. gg 232, 238.) 

§ 107. Stibslances Dissolved by Dilute Sodu, noi Predpiialed h/ 
Akohol. — The filtrate and washings from the precipitate obtained 
in g 103 are evaporated to drynes», and the calcnlated amount of 
acetate of aoda deducted from the dried residue. (See g 237.) 
Tho remainder repreaents the substances soluble in dilute caustic 
aoda, not precipitated by aeetic acid and alcohoL If the residue 
dissolvea completely in a few cc. of water it may be concluded 
that no snbstance allicd to phlobaphene, soluble in akohol, is 
present. In that case the organic matter (apart from the acetate 

' See tha dUsertation», ete., subsoquently qnoted. 
» DisMrtfttion. Dorpftt, 1881. 
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of i¥f(hi) in %(fiüfit\mf:si a äerjm^jiUlon pndud of mdaraMc add or of 
sMuA mtücilaginot» fmbstances. Tbe aetion of cansdc soda on the 
latter often remilu in the fonnadon of prodncts tliat are not pre- 
eif^table by aleohoL Bat this bodj that thns remains in Solution 
on adding alcohol will he more often fonnd to belong to tlie 
allmminoirl«. (See % 235.) 

^ 108. Fhlohaphme, — A brown residue insoluble in water would 
frequently comnst of phlobapbene. (See also § 48.) It sbonld be 
coUected on a tared filter, wasbed, dried, weighed, and deducted 
from the cvaporation-residue in § 106 before the weight of the 
8ub«tance8 dcrived from mucilage, caseine, etc., can be arrived at. 
(See al0O § 246.) 

The jpohjporic acidy isolated by Stahlschmidt,^ may also be 
mentioned here. It is insoluble in water, ether, benzene, bisul- 
phide of carbon, and glacial acetic acid, sparingly soluble in warm 
Chloroform, alcohol, and amylic alcohol, but dissolved by dilute 
ammonia, forming a violet liquid, from which it is precipitated 
by hydrochloric acid. It crystallizes in rhombic plates, and melts 
at about 300'. 

^ Humus.* — I am convinced that the 'humus ' mentioned in old 
plant-analyses was in reality partly phlobaphene and its decom- 
position-products. In the majority of vegetable substances 
humus is not to be found, unless they are already in a State of 
dccomposition. Porhaps some thick barks and lignified fungi 
might yiold substances with characters resembling those possessed 
by humus. To solvents such substances would, it is true, show a 
behaviour similar to that of the phlobaphenes ; but in distinguish- 
ing thüm we may take advantage of the fact that the majority of 
thü öo-callü(l Immic substances contain hydrogen and oxygen in 
tho Proportion in which they exist in water, and that humus does 
not yieUl tho decomposition-products mentioned in § 42 when 
actod upon by fusod caustic potash. 

* Annnl. d. Chem. und Pharm, clxxxvii. 177 (1877) (Joum. Chem. Soc. 
xxxii. C20). 
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EXAMINATIO>f OF SCBSTASCES SOLUBLE IN DlLUTB HyDKO- 
CHLORIC ACID ; PaRARAEIN, OXALATE OF CALCIUM, ETC., ÄND 

Starch. 

g 109. Melhod of Exlmdion.—'The insoluble residuo from § 103 
ia waalied with water (Ti-hich is Lest accomplished either by dc- 
cantation or as directed in g 71), and suaponded in water con- 
taining 1 per cent. of hydrochloric acid. It ia advisable to adhcro 
to the same proportion of menstruum to mateiial as already 
recommended. The method of proceduro now dependa mainlj- 
upon the preaence or absence of atarch and of pararabin (or allied 
aubatanco). The former may bo recogniaed under the microscope 
by the bluo colour the granulea assume when treated with an 
aqueous Solution of iodine.^ 

§ 110. Ediinalion of Oxalate of Calcium. — The aimplest case 
would be that in which neither atai'ch nor pararabin ia preaent. 
The only object in digesting with düute hydrochloric acid would 
then be to extract Oxalate of calcium, To effect thia the digestion 
ahonld be continued for about twenty-four houra at a temperature 
of 30". A measured quanttty of the filtrate may be neutralized 
with ammonia, or mixed with a known quantity of acetate of aoda 
BufBcient to convert all the hydrochloric acid into chloride of 
aodium. The oxalata of calcium, which aeparatea out inaoluble 

' If large quantities of roucilaginoos (? albuminoue) sulistiiiices ore preaent, 
thü colonratioD ia not perceptible on directl; moiatening a tranaTeiss aection 
»ith iodine water. The mucilage (or sltumen) must be firat removed bj treat- 
meat vrith a djlute (O'l p«r cent) solutlun of caiuttic aoda. A Btronger 
Solution ahould not be employed, os it might act upon the atarcb itaelf. If tho 
Maidne from § 103 ia exaroined, the treatment with alltali ia of caurae unnecea. 
aar;. Fora ct.wsiEcation of Btarcbe», according to the shapo of the graQule, 
see Nogeli'a ' Monographie der Stürkelcümer,' Basel, 1853 ; and Vagi, Zeitaaht. 
d. üiteir. Apoth. Ver. 1866, pp. 200, 310. 
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in acetic acid, ia allowed to settle, and wlien the supematant liquid 
is perfectiy clear it is poured ofF, and thc precipitate transferred 
to a fine filter, washed and dried. It may then be converted 
either into carbonate by gentle, or into oxide by strong ignition, 
and from the weight of either the amonnt of Oxalate calculated. 
The filtrate and washings are evaporated to dryneas, and the 
residne ■weighed. As the amount of chloride of sodium and un- 
decomposed acetate is known, it wiU thua be ascertained if othcr 
Bubstances (aJbuminoids, g 223 et seq.) have been dissolved by 
dilnte hydrochloric acid. 

Instead of estimating the Oxalate as carbonate or oxide, the 
waahed precipitate may be disaolved in dilute sulphuric acid, and 
the oxalic acid deterrained by titration with permanganate of 
potassium. (Ct ^81, 219.) 

Afkroscopical Examinalion. — Oxalate of calcium ia alwaya de- 
poaited in plants in the crystallme condition, and its presence 
may therefore be confirmed by microscopic examination. The 
crystalfi must be insoluble in water, alcohol, and cther, but soluble 
in dilute hydrochloric acid. 

It should also be ascertained, by means of the microscope, if all 
the Oxalate haa beon diasolved by the treatment directed in § 109. 
If that is not the case, the maceration with dilute acid should be 
repeated. 

g 111. Esiimation of Oxalate of Calcium and Fararahin. — If the 
Oxalate of calcium is accompaiiied hy pararabin, but not by atarch, 
tha maceration is continued for twenty-four houra as before ; but 
previoua to filtering, the whole is rapidly raised to the boiling- 
point in a flask provided with an upright condenser. A measured 
quantity of the filtrate (filtered whilst hob) ia neutralized with 
ammonia, and mixed with 2 to 3 volnmes of 90 per Cent. alcohoL 
The precipitate, which contains Oxalate of calcium and pararabin, 
ia collected on a tared filter, washcd with 60 to 70 per oent. 
alcphol, dried, and weighed. It ia then incinerated, the ash cal- 
culated to Oxalate of calciiun, and deducted frora the weight of 
the precipitate. The remainder ia the weight of the pararabin. 

The filtrate and waahings from the precipitate may be evapo- 
rated to diyness as directed in § 110, in ordcr to ascertainif other 
substances have been diasolved. Here, too, albuminous substances 
may posaibly be found, and they may alao be preaent in the 
precipitated pararabin. Should that be the caae, they may be 
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the nitrogen in a portion 
— If pstrarabi 



§113. Estmaiion of SlaTch and Oxalate of Cddum.- 



the preci 



eBtImated by determ 
pitate. (Cf. g 233.) 

§112. Estimalion of PararaUj 
preaent, the estimation may be conducted as described in § 111 
with the exception, ot courso, that the detennination of calcium ii 
unnecessary. After precipitation with alcohoJ, pararabin swells 
in contact with water, but does not dissolve unlesa an acid be 
added. It is precipitated by alkalies, and does not yield arabinose 
ander tha influence of dilute sulphuric acid. (Cf. § 245.) 



i pararabin 



is absent, but Oxalate of calcium and starch are presant togethi 
the material under examination may be hoüed (not digested on a 
water-bath) with 1 per cent. hydrochloric acid for four hours in a 
flask provided with an upright condenser. The flask is weighed 
before and after boiling, and any water that may have been lost 
by evaporation replaced. In one portion of the filtered hquid the 
Oxalate of calcium may be determined aa directed in § 110, and 
in another the glucose produced trom the atarch estimatod by 
titration with Fehling's Solution (§; 83). 

The modification necesaary when starch aJone is present needs 
no special description. 

§ 114. Estimation of Oxalate of Calcium, Starch, and Pararabin. — 
The foUowing ia the method I tave adopted when Oxalate of 
calcium, atarch, and pararabin are present togethcr. Water is 
added to the substance under examination in the proportion of 
10 cc. for every gram, and the whole brought to the boiling-point. 
After cooling to 40° or 50°, a ccntigram or more of good, active 
diastase is added, and the maceration continued at tha aame 
temperature until the starch-paste is completely liquefied. The 
residue, aftcr filtering and washing, ia treated according to § 111. 
A measured quantity of the filtrate containing the maitose and 
dextrin produced from tlie atarci is acidified with hydrochloric 
acid and boiled as directed in g 113, the glucose hcing finally 
estimated with Fehling's Solution and calculated into atarch. 

g 115. Estimalion of Slarch ahne. — If a vegetable aubstance, 
especially oae rieh in mucilaga, metarabic acid, pararabin, gluco- 
sidea, etc., ia to be examined for starch without previous treat- 
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Compara Keichardt, Ber. d. d. Chem. Ges. tiiL S07 (1375) (Jon 
-■ 1179). 
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ment with various solvents, a method that I published in 1861^ 
may be adopted by which the substances that accompany the 
starch are removed. The powdered material is mixed with 
30 parts of a 4 per cent Solution of caustic potash in alcohol, and 
heated to lOO** for a day or two in a well-closed flask. After 
filtering and washing with spirit tili free from alkali, the substance 
on the filter is exhausted with water; and to effect this it is 
advisable to transfer it to a beaker. The residue insoluble in cold 
water is boiled with dilute hydrochloric acid, and treated as 
directed in § 113. The caustic potash acts upon the foreign sub- 
stances which interfere with the direct estimation of the starch, 
rendering them soluble partly in alcohol, partly in water, whilst 
the starch itself is not attacked. (See § 243.) 

^ Journ. f. Landwirthsch (May, 1862), and Pharm. Zeitschr. f. Kussland, 
i. 41. For the estimation of starch as glucose after the action of dilute 
Rulphuric acid, see Musculus, Ghem. Gentralbl. 1860, p. 602 (Am. Journ. 
Pharm, xxxii. 433) ; and Philipp, Zeitschr. f. anaL Chem. N. F. iü 400. Sachsse 
(Zeitschr. f. anaL Chem. xvii.231, 1878; Year-book Pharm. 1878, 97), has shown 
that the Inversion is better effected by hydrochloric acid — 1 per cent. of the 
weight of the liquid. Both Sachsse and Xägeli found that the analyses of 
starch were more accurately expressed by the f ormula 6C5H20O5 -i- HgO, than 
by that usually adopted, viz., CgHjoOj. 
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Determination of Lignin akd Allied Substanceb and 
OF Cellulose. 

§ 113, Lignin, Incntsling and Cuticular Suislanccs. — The residue 
of the powder insoluble in all the foregoing menstrua, after 
treatment aa directed in g 109, is washed with water, dried, 
and weighed. After having been again finely powdered, it is 
maoerated in freshly prepared chlorine-wator (in the proportion of 
about 100 cc. for every gram of subatance), until the colour 
changea to a pale yellow. If 2 to 3 days do not suffice, the chlorine- 
\Fater must bo drawn off and replaced by fresh, ättd this treat- 
ment repeated if necesaary. It is finally collected on a taied 
filter, and washed first with water, then with very dilute (0'3 per 
Cent.) Solution of caustic potash until tho washings are colourless, 
the alkali being ultimately removed by pure water, The losa in 
weight after drying raproscnts the amount of Hgnin, the so-caUed 
incmsting subsCances, the majority of the suberin and cvlictdar sub- 
stance. {d. % 247.) Bromine-water has been proposed in tho 
place of chlorine-water, but it does not act so enei^eticoUy. 

"With regard to the microckemical examination, I may observe 
that ligniücd tissuea absorb fuchsin from its aqueous Solution, and 
retain it so tenaciously that they appear stained deep-red even 
after maceration in glycerine, which removes all the colouring 
matter from non-Iignified tisaue. Russow' recommends the object 
to be placed on a slide with a diop of dilute aqueous Solution of 
aniline-red. A drop of glycerine ia then brougbt into contact 
with the edge of the coverslip on tho shdo, and left for twenty- 
four hours. Stiles^ macerates in a dilute Solution of chlorinated 
lime (1 in 60), then tranaters for an hour to a Solution of hypo- 
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sulphite of Boda {I in 32), washes with alcohol, and finally reinoves 
to a dilute alcoholic Solution of acetate of rosanilino (1 in 960), 
the excess of which is nashed out with spirit. Anilme-blue is 
Said to impart a fine blue or violet colour to tho pareDchyma of 
the medullary rays, etc. The Solution is made by diesolving 
0-0325 gram o£ aniline-blue in 3'88 gram of wat«r, adding 
0-5 gram of streng nitric acid and spirit to 48 grama. After 
staining red as directed by Stiles, the aection may be immeraed 
for a few minutea in the Solution of aniline-blue, -waahed with 
spirit and finally treated with cajeput oil or turpentine. 

Wiesner^ has describcd a qualitative reaction for woody tisaue, 
which consists in moistening the aection with a 0'5 per cent. 
Solution of phloroglucin, and subsequently treating with hydro- 
chloric acid. The lignified tiasue asaumea a reddish or violet colonr, 

§ 117. Estimaiion of Cetlulosf. — ^The residue, after treating as 
directed in § 116 and weighing, is a mixture of cellulose, inter- 
cellular substance, remains of the cutieular substance, etc., together 
with a httle ash (and possibly also sand). It may be removed 
from the filter (which shoiild be reserved), powdered, and 
introdnced into a flosk containing 50 to 100 cc. of nitric acid 
(sp. gr. l'I6 to I-I8) ; 1 to 2 grama of chlorate of potash are then 
added, and tho mixture allowed to stand in a cool place with 
occasional agitation until the inaoluble matter appeare almost 
white, If this is not effected in a day or two the mixture may 
be warmed for one or two houra to about 40° C. (not higher), and 
again allowed to stand. If thia is not successful the strength of the 
nitric acid may be increased until it reaches a specific gravity 
not exceeding 1 'SO. After the action of the acid has been continued 
long enoiigh, it may be diluted with water and filtered, taking 
care to pour the aupematant liquid on to the filter, leaving the 
inaoluble matter aa long as possible in tho flask. After waahing 
free from acid, it is treated with dilute ammonia (1 in 50 of 
water) as long as that ia coloured brownish, and finally with 
alcohol and, if necesaaiy, with ether. The residue is dried and 
weighed. The loaa in weight uaually repreaents intercellular 
substance and certain carbohydrates allied to cellulose, but less 
resistent (hydrocelluloses), etc. (See §§ 245, 346.) The residue 
on the filter conaiats of cellulose with a little ash (ailica, sand, 
etc.), that may be estimated and deducted. (See also § 248.) 

' Zeitachr. f. imaL Cbero. svü. 511, 1878 (Joorn. Chem. Soc xniv. 612). 



I 



§ 118. CONCLUDING EEMABKS. 



CONCLÜDING REMARKS. 

S118. In compiling the foregoing method of analysis, ono 
object that I had in view was to sh-ow how, wheH working upon 
a, Bmall quantity of material, aay 30 to 50 grams, an insight into ita 
coinposition might be gained, so that at loast tho preaenoe or 
absence of the more important constituents of plants might be 
ascertained. I wished to show fnrther how the constituents 
actually present nught be estimated, even if no more than the 
above-mentioned quantity was available. I had therefore to 
deviaa a conibination of qualitative and quantitative analysis, and 
the fact thivt a considerable number of the same constituents occur 
in the majority of plants justifiod me in making the attempt 

Means have also beeo indicated by which attention wauld be 
drawn to the presence of substances that occur only in aingle 
plants or in smaller groups of the vegetable kingdom. In this 
reapect the foregoing method ia of course but an introduction, the 
special application and pei-fection of which for each separate caae 
must bc left to tho investigator himaelf. Processes for the quan- 
titative eatimation of certain substances, and especially such as 
are of considerable practical importance in medicine, agriculture, 
etc., havG alroady bean reconuncnded, and will be foUowed by 
others in the second part of the work. 

§119. It miist be adniitted that many of the proposed methods 
of detection and cstimation cannot boast of the accuracy attain- 
able in the analysis of some ino-rganic substances. For this 
reason I advise beginners to refi-uin f rom calculating their analyaea, 
as is frequently done, to tho fourth and even fifth place of deci- 
mals. Such calculations often mislcad readers less acquainted 
with the subject to attach to the separate determinations an im- 
portance to which they are not entitled. I consider it amplc to 
carry the calcidationa to the second decimal place. 

To thoae who ask of what uso analyaea are, the accuracy of 
which I have myself this moment questioned, I reply that the 
object of analyzing a vegetablo substance, aa for instance ergot, ia 
not so much to ascertain the exact compoaition of a fungus pro- 
on a certain ear of rye in a certain field, but to obtain 
jnformation aa to the approximate corapoaition of ergot in general, 
the specimen uuder examination lieing taken as a represontative 
of the drug. Attention must be epecially drawn to the fact that 

7 
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in different jears and different localities the propordons in which 
the constdtnentB of ergot occnr present certain variations. 

B, on the other hand, an approximate analysis is not reqnired, 
bot in itB stead a lairlj accnrate comparison of spedmens gathered 
in different fields, then it most be bome in mind that onlj c^lain 
practically valnable constituents have to be taken into account^ f or 
the estimation of which more accnrate methods maj not unfre- 
quently be devised. This we are generally able to accomplish, 
f or we are in a position to elaborate the necessary mode of treat- 
menty to determine the extent of the errors involved, and the 
corrections to be made f or them, and to make several estimations 
from the same material from which a mean may be calcolated. 
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Special Methods for the Estimation of certain Consti- 

TÜENTS OF PlANTS, SüPPLEMENTABY NoTES TO THE PrE- 

CEDiNG Experiments. 

FATS AND THEIB CONSTmrEKrS ; CHOLESTERIN, FILICIN, ETC. 

g 120. EsUmation of Fbxd Oils.—'Sov reasons giveii in g 8, 1 
recommended the use of benzene some twenty yeare ago^ for 
extroctmg fixed oila. Petroleum spirit, which I subsequently 
introduced for the same purpoae, has the advaiitage over benzene 
of being more voktile and posaessing a leaser solvent power for 
resins, etc. (Cf. ^ 36.) The iise of benzene was afterwards 
advocatfld by Hoffmann^ also, who gave it the preference ovet 
ether and bisulphide of carbon. Otiier methods for estimating 
fixed oils have been deacribed by Münch.^ Varioua foi-ma of 
apparatus that may be used have formed the aubj'ecta of ooninm- 
nicstions from Storch,^ Wayner,'' Simon,^ ToUens,^ Schulze,^ 
Tachaplöwitz,^ Medicusi^" Siewert," Hiracheohn,'^ Keyser,'' and 
otberB. 

The apparatua represented in Fig. 5 ia that last devised by 
Tollena. It consiats of a weighed fiaak, A, holding about 100 cc, 
to which is tightly fitted, by means of a perforated cork, a glaas 
tube B ; the latter is about 30 nun. in diameter at Its upper, and 

' Pb&rm. Zeitschr. f. Buasland, i. 41, 1862 ; Anm. Zeitachr. f, anal Chem. 
L490. 

" Zeitschr. t. an»l, Chemie, vi. 368, 1867. 

• N. Jahrb. l. Pharm, xxv. 8, 1868. 

* Zeitschr. f. anal. Chamie, vü. 88, 18B8. '' Ibid. it 354, 1870. 
» Ibid. xii. 179, 1873 (Jauni. Chem. Soo. xxvii. 293). 

' Ibid. xiv. 82, 187S, andivii 320, 1878, " Ibid. xyü. 174, 1878. 

' Ibid. Kviii. 441, 1879. " Ibid. xii. 163, 1880. 

" Landw. Verauchsat xiiil. 317, 1879 [Journ. Chem. Hoc. ixivi. 558). 
»' Arohiv d. Pharm. [3L x. 486, 1877. " Farm. Tidskc. 1880, Nt». 9 and 19. 
7—2 
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5 to 7 at its loiver extremifcy ; the former commimiyates hy meaas 
ot perforated corks with the condenser D. A glasa tube, E, abont 
20 mm. in diametei', is supported upon a beut ylasa rod, F, in auch 
a manner tbat the Condensed vapour from C dro])3 directly into 
it. In thia tube, E, the substance to be examined is carefully 
pacied ; a piMe of filtering-paper ia then tied over the lower end, 
and a small circular ßlter laid upon the eurface of the packed 
substance. During the extiactiou tho heat is so rogulated that 
the ntaterial is constantly covered by a layer of ether 1 to 2 cm. 
thick. 

g 121. Be^nification.—^ha rapidity with which an oil resinilieB 
may be aacertained by expoaing it to the air in thin layers and 
noting the daily increase in weight. Parallel cxperiments should 
be made with almond and linaeed oil nnder preciaely similar con- 
ditions. The oil uaed ahotdd be ijuite free from any trace of 
petroleum spirit. 

g 122. Elaidin Test. — Thia test (§ 12) conaiats in passing nitrous 
acid into a few cc of the oil and oliserviug the lengüi of time that 
elapsBB before solidification takea place. Another method is to 
introduce eopper turaings or a little mercury, together with nitric 
acid, into a teat-tube, and pour :i few cc of the oil upon the 
mixture. The colour alao of the elaidin pro<luced may be 
characteristic of the oil under examination. 

Uaing 5 grama of nitiic acid, ap. gr. 1'4, and 1 gram of 
mercury to 10 grama of oll, Masaie' obaerved the following 
reactions : 

On agitating the oil with the nitric acid alone for two minutes 
and allowing the liquida to separate, the following colourationa 
were obaerved : almond, hazelnut, sunflower-aeed oil, colourless or 
sUghtlg gremish; olive oil, greenisli, uhite or slighlhj ijellotchh-grem, 
or distinetly green; ground-nut oil and poppy-seed oil, reddish; 
caatorand sesami oil, yeUowhh or i/eUou>ish-man0e; oil of white 
inuBtard, apricot, walnut, camelina, beech, rapo and linseed oil, 
clterry-red or reddislt-oranije ; oil of black tnustard, cotton and 
hempseed oil, broicn or Wmcnish-red. 

The acid waa colonred yellowiah by olive oil (occasionally), 
saffron-yellow by sesamä, light brown with cotton, and slightly 
reddiah or greeniah by hemp oil. 

After the addition and aotution of the mercury, the mixture is 
' Jonrniü de Pharm, tt d« Chim. [4], xii. 13. 1889. 
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shaken at interyals and finally set aside. The following observar 
tions were made : 





After20to30min8. 




After 1 hr. 


Almond 


white or pale-greenish 




white. 


Hazelnut 


ff 




*f 


Snnflower-seed 


lemon-yellow 




lemon-yellow. 


OUve 


pale yellowish 




pale yellowish-g^een. 


6ronnd-nut 


pale reddish 




pale reddish. 


Poppy 


red 




red. 


Castor 


rose 




yellow. 


Sesam^ 


yellowish-orange 




yellowish-orange. 


Apricot 


red 




rose. 


White mustard 


yellowish -orange 




reddish-yellow. 


Camelina sativa 






reddish -orange. 


Walnut 


cherry-red 




reddish-yellow. 


Beech 


orange 




reddish-orange. 


Rape 


reddish-yellow 




orange-yellow. 


Colza 


pale reddish 




pale yellowish-orange. 


Linseed 


reddish-brown (effervesces) 


reddish-brown. 


Black mustard 


pale reddish 




reddish-yellow. 


Gotton-seed 


dark orange-red or reddish 


pale orange-red or red. 


Hemp 


brown 




reddish-brown. 


The followini 


s: oils solidify : almond 


in 


11 hr., hazelnut in 



oKve oil in 1 hr., ground-nut in If hr., sesam6 in 2J hr., apricot 
in If hr., beech in 6 hr., rape in 3 hr., colza in 3| Lr., cotton in 
If hr. ; the remainder do not solidify at all. 

§ 123. Behaviour io Sulphuric Acid. — Casselman^ obsen'ed the 
following rise in temperature when 50 cc. of the oil were mixed 
with 10 cc. of conc. sulphuric acid : 



Linseed from W to 132* to 134'. 


Sunflower „ 


»» 


92°. 


Poppy „ 


» 


92°. 


Olive „ 


»» 


48°. 


Almond „ 


» 


69\ 



With the oil from peony-seed Stahre and myself ^ observed a rise 
to 68°, whilst almond oil rose to 48°. 

§ 124. Behaviour to Ueagents vnentimied in § 12. — Casselman has 
made the following observations with the reagents mentioned in 
§12: 

^ Pharm. Zeitschr. f. Russland, 299, 1867 j'Zeitschr. f. anal. Chemie, vi. 479. 
See also Chateau. 

^Archiv d. Pharm. [3], xiv. 412, 531, 1879 (Joum. Chem. Soc. xxxvi. 
1043). 
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Slannic ckloride protlucos the foUowing chaages in colour : 
linaeed, dirty yellow, paäsing to green ; aunflower, white, tuming 
brown ; poppy, greeniah ; hemp, yellowish-green ; olive, bright 
yellow ; almond, scareely yellowiah. On warming with ckloride of 
zinc linseed oil becomes green, and hemp oil assimies a fine green 
colour, while the remainder undargo no change. Sijrupy phosphwlc 
acid foi-ms a aort of emulsion with linseed and poppy oil, but not 
with the others. 

Warming with nierairic nitrate colours linseed oil from dark 
green to brownish-red ; Bunflower, bright yellow ; poppy and hemp 
oil, green, tuming brown ; oUve, dark yellow, passing to orange 
red ; almond, deop chrome. 

Bieber' iised nitric acid of sp, gr. 1 '4, and also a cooled mixtxire 
of equal parts of conc sulphuric and fuming nitric acid in the pro- 
portion of 1 volume of reagent to 5 of oil. 

Hauchecorne^ has published reactions of oils with peroxide of 
hl/droben, but witbout spßcifying tbe strength of the reagent. He 
States that on shaking 1 volume of Solution of peroxide of 
hydrogen with i of oil, olive aaaumea an apple-green ; poppy, a 
fleah eoloup ; seaamö, bright red ; ground-nut, greyish-yellow ; and 
beech-nut oil, an ochre red. Äccording to Cohne, drying oila may 
be distinguished from non-drying by their behaviour to peroxide 
of hydrogen. The former are Said to be qiiickly decompoeed 
with Separation of fatty acids, whilst the lattor resist such 
treatment. 

Basoletto* observed that sesamö oil, when shaken witli an equal 
volume of hijdrochloric acid (23 to 24 per cent) containing 2 per 
Cent of ctme-sugar, assumed a reddish tinge, pasaing to cherry-red, 
whilat olivo oil was not coloured. On agitating with nitric acid 
containing sugar, aesamö oil was coloured cinnamon, whilst the 
acid became yellowish-green. Cotton-seed oil timia yellow with 
the same reagent {the acid becoming pale rose coloured), but 

' Apotheker Zeitunfr, xii. 161, 18/7 (Joiini. Chem. Soc. ixsiv. 343). For 
the action et nitric acid an fatty oiia, bcb aho Haucbecnme, Zeitechr. f. »dbL 
Chemie, iii. 512, 1864, where, however, the atrangth of tho acida employed ia 
not mentloned. Iiaoglies (ibid. ix. 53^, ISTO) recommends mixing nitrio acid 
specific gravity 1'4 with ^ of its volume of water, and wnrmiiig 1 ptut uf thb 
reagent witli 3 of o!l io the water-bath. Seaamd oil ig said to yield a red man 
by tbis treatment. 

' Zoitachr. f. anal. Cbemie, ii. 442, 1863. 

" Bulletin della Soc. AdrinUc, i. 17S, 1S75. 
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almond and castor oil produce no alteration. According to 
Vidan^ hydrochloric acid containing augar changes the colour of 
«astor Oll to orange yellow, poppy oil yollowish-brown, ground- 
nut Oll iiitonse yellow obve oil yellowish- orange, rapa oil dark 
brown and alraon 1 oil yellowish-orango. 

For the u e of chlor le of antimunij as a reagent aee Zablu- 
dowaki'^ anl A\alz* The latter found that on adding a few 
drops of the reagent, which should bo of a sympy consiatence, to 
2 or 3 cc. of the oil to be exatnined, olive oil formed a whitish 
«mulaion, gradnally tnming dark, without any rise in tempera- 
ture, whilst with cotton-seed oil a conaiderable aniount of heat 
was evolved, the mixture becoming solid and of a chocolate-brown 
colour. 

Concentrated Solution of tJUorijiakd Urne ia said to form an 
flmulaion with 8 times its volume of poppy oil, but not with 
almond oil. 

Caustic soda of specific gravity 1 '33, heated to boiling with 4 or 5 
trnies its volume of oil, yields a white liquid mixture with castor 
oil, yollowish-white with scsame, colza, poppy, and walnut, and 
ycIIow with linseed, whilst olive oil and hemp yield respectively 
browiiish and brownish-yellow solid maases.* Some oils, such as 
rape and colza, may be contaminated with stdphur compmwls, which 
may he detected by nitro-prusaide of sodium after treatment with 
caustic soda, 

For the use of the speärmcope in identifying fixed oila see 
Gilmour,' of the jiolnt-iscope see Buignet,* of coheaion figiires see 
Tomlinson,' Kate Crane,* and Moffat.* 

§ 135. Free Fat-acid. — Tho prescnce of free fat-acid may be 

' Journ. de Pharm, et de Chün. xnii. 30, 1875 (Joura. Chera. Soo. xxix. 
111). Cumpar» olau Jnhreab. f. Fburm. 288, 1875. The hydrochlorto acid 
and Bugar reactiun was recommended by Camoin aa early as ISflO, Compare 
Choalette, ' Obaervationa prat. de Chim. et de Pharm. ' yasc. i. 130. 

=■ Fhaim. ZeiUchr. f. r^uBHland, ii. £33. 1363. 

' Amor. Journ. Pharm, nlvi. 25, 1874. 

* Oompare Hager, ' Unterauchungen ' (Günther Leipsic, 1871), voL ü. 510. 

' Pharm. Joum. and Trans. [3], vi. 981, and Jahresb. f. Pharm, 362, 
1876. 

« Jonm. de Pharm, et de Chim. xL 252, 1862 (Amer. Joam. Pharm, xxxiv. 
HO). 

' Pharm. Joum. »nd Trans. [2], v. 387, 195. 

' Ibid. [8], V. 243. and Jahresb. f. Pharm. 289, 1874. 

■ Chem. News, xWii. 473. 
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detected, according to Jacobson,^ by shaking ^rith powdered 
ro6amlin& Oil contaming free fat-acid is colonred red. 

Rmnpler^ employs carbonate oi soda, which does not emnlsify 
oils contaming no free f at-acid. 

Greissler^ esthnates the free fat^urid hy dflnting ^rith 2 or 5 
Yolnmes of ether and titrating with alcoholic potash, osing an 
alcoholic Solution of rosolic acid or phenol-phthalein as an indi- 
cator. 

§ 126. ChciesUr'iJL DeUdion and Edimation, — Hoppe-Seyler* 
detects and estimates Cholesterin in Y^etable snbstances bj ex- 
tracting with ether, distilling, boiling the residne for a few hoors 
with alcoholic potash, evaporating, redissolving in water, and 
shaking with ether. If the Cholesterin obtained bj evaporating 
the ethereal solation is not pnre, the treatment with alcoholic 
potash is repeated. If sufficient alkali is present neither fat nor 
soap will be taken up by the ether. 

Schulze^ directs attention to the fact that the estimation is 
inaccurate if the material contains vegetable wax yielding an 
alcohol (§ 14) on decomposition with an alkali, on accoont of the 
inflnence the latter exercises on the solabiHty of Cholesterin in 
spirit Schulze recommends the conversion of the impure Cho- 
lesterin into benzoate of cholesteryl by heating with benzoic acid 
in sealed tubes. This Compound may be freed from many f oreign 
substances by boiling with absolute alcohol, in which it is almost 
insoluble. After recrystallization from ether the Cholesterin may 
be liberated by heating with alcoholic potash. 

Cholesterin is soluble in petroleum spirit as well as in ether, and 
is therefore extracted by the former, together with the fixed oiL 
If an accurate estimation is required, large quantities of material 
must be worked upon, as Cholesterin occurs in only small pro- 
portions in vegetable substances. (Beneke obtained 1*5 gram 
from 2,500 grams of grey peas.) It is insoluble in water, crystal- 
lizes from alcohol in silky needles and plates (belonging to the 
rhombic System), melts at 137°, and is, in alcoholic Solution, 
Isevo-rotator}' («0 = 36-61°). Warmed with a mixture of 1 voL 

1 ehem.- tech. Repert. i. 84 ; Zeitschr. f. anaL Chemie, xvii. 387, 1878. 

- Zeitschr. f. anal. Chemie, ix. 417, 1870. 

3 Ibid. xvii. 387, 1878 (Journ. Chem. Soc. xxxiv. 334). 

* Med. -chem. Unters. Heft L 143. Zeitschr. f. anal. Chemie, v. 422, 1866. 

* Zeitschr. f. anal. Chemie, xvii. 173, 1878. (Journ. Chem. Soc. xxxiv. 612. ) 
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conc. siilphuric acid with 1 of water, a red eolouration is pro- 
diiced, whilst 4 of acid with 1 of wator developa a bliie, and 
3 with 1 a violet tinga If a mixtui-e of coacentrated hydro- 
chloric acid aud Solution of fenic chloride (3 in 1) ia eva- 
porated with a little Cholesterin, a reddish-violet or bluish-violet 
coloiir makes its appearance. Similar treatment with sulphuric 
acid and ferne chloride leaves a carmine residue, which gradually 
passes to violet and becomes scarlet on troating with ammonia.^ 
Alter triturntion with aidphiirJc acid Cholesterin is coloured red 
by the addition of chloroform. 

Phytosterin, a substonce allied to and probably homologous with 
Cholesterin, was discovered by Hesse^ in the Calabar bean. Its 
aolubility is, on the whole, similai- to that of Cholesterin, with 
which it has occasionally been confounded. It meltsat 133', and 
is aomewhat leas powerfully laavo-rotatory («□ = 3i-2°). 

Fükin is another substance aoluble in petroleiun spirit ; it is 
extracted, therefore, together with the üxed oil, and Js partially 
deposited in crystals on evaporating such a Solution ; an appre- 
ciable quantity, however, remaina dissolved in the fixed oü. 
Experiments made at my instance ty Krase,^ with the object of 
devising a quantitative Separation of filicin from fixed oil, were 
unsuccessful ; all the liquids employcd (acetone, acetic ether, 
ether, heavy petroleiim oila, bisulphide of carbon, etc.) dissolved 
6oth substances. Attempts to separate the fixed oil from the 
filicia by dissolving in a bot aqueous Solution of carbonate of 
soda and fractionally precipitating with hydrochloric acid, as well 
as the same treatment of an alkaline alcoholic Solution, were 
attended with negative results. 

The kosin* contained in cousso is soluble in pctroleum spirit, 
especially when warm It is more ensily soluble in ether, benzene, 
or bisulphide of carbon, somewhat sparingly in alcohol and gtacial 
acetic acid. I'erric chloride eolours the alcoholic Solution red, and 

' Zeitschr. f. anal. Chemie, xvü. 173, 187S, and Eitthauaen, ' Eiweisa- 
korper,' 98, 

s Annal. d. Chem. und Pharm. cxoiL 175, 1S78 (Jmirn. Chem. Soe. xxxiv. 
8G0). Für paracholeBterin, sae ibid. ccviL 22», 18S1. Heost;, tbiil. ccxi. 283 ; 
Schulze and Barbieri, Ber. d. d. Chem. Gea. xv, 953, 1SS2. 

' Ardiiv d. Pharm. [3], ix. 24, 1876 (Journ. Chem. Soc. sixi. 336). See 
uIbo Luck, AotiaL d. Cbem. und Fhnrm. liv. 191, 1851, and Grabowaki, Chem. 
Centralbl. 40B. 1867. 

' Fhlckiger and Bari, Archiv il. Phami. [3], v. IPS, JS74 (Pharm. Jüurn, 
and Trane. [3], v. S62|. 
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an alkaline aqueous Solution also graJually asauniea a red tinge. 
It ia decomposed by fiiaion with potaah, yielding, amongat other 
STibBtanceB, hutyric acid (the same is the ciiso with filicin). 

Eupko'lion' is likewise aoluble in petroleum spirit, and freely 
so in ether, benzene, Chloroform, acetone, aod glacial acetic acid, 
but not in aqueous alkalies. It dissolves in concentrated sulphiuic 
acid, with the production of a brownish tinge, which is changed 
to violet by nitre or nitric acid. It melts at 113° to 114°, aad 
reaembles, in many of ita propertiea, lactuoon or lactucerin (varioua 
species of Lactuca), echiceiin (dita bark), and perhapa idso cynan- 
chocerin (Cynanchum vincetoxicum and acutum). 

Helen'm ia eaaüy soluble in petroleum apirit, alcohol, and ether, 
bct insoluble in water, even in the preaence of a little alkali ; it ia 
dissolved, however, by bot concentrated eolution of potash. 
Helenin melts at 110°, cryatallizes in colouiless needles, and dis- 
aolvea in conc. sulphuric acid, with production of a red colouration. 
Hydrochloric acid-gas js alao aaid to colour helenin red.^ 

Coumann may be recogniaed by its odour and by its colourleas 
rhombic erystals, It ia sparingly soluble in cold, more eaaily in 
höt wato, and is also disaolvfed hy ether and by alcohöl. Amongat 
the Hubstancea it yields when fused with potaah ia aahcylic acid 
(g 26). For tha alÜed meUMie acid compare Zwenger.^ 

Slyrol also is characterized by ita aromatic odour. It ia a colonr- 
lesa liquid convertible by long heating in acaled tuliea into solid 
metastyi-ol. It ia almost insohiblo in water, but easily soluble in 
alcohol, ether, and bisulphide of carbon. Heated with chromic 
acid it yields beuzoio acid and other products of decomposition 
(§ 26). 

For myroxocarpin, aee Stenhouse and Scharling,'* for diwtmia, 
Landerer^ and FlucJdger ;" for kämpfend, Brandea and Jahns -p 
for asaron (which is soluble at least in wann petroleum spirit), 

'Hesse, Annal. d. Chem. und Pharm, clxxs. 352; clxxxü. 163, 1876; 
cxcii, 193, ISrS (Anier, Journ. Pharm. 1. 552). See also Alberti and Brägen- 
dorff, Pharm. Zoitschr. f. Kusaland, ii, 215, 1863 ; and Flüokiger, N. Jnilrb. 
f. Pharm, iiix. 135, 1868. 

"See Kallen, Ber. d. d. chem. Ges. vi. 1506, 1873 (Pharm. Ji.uni. aad 
Trans. [3], vii. 150). 

' Annal. d. Chem. und Pharm. BuppL v, 100, 1867. 

* Ibid. lütvii. 308, 1851, anijxcvii. 69, 1856 (Amer. Jouni. Pharm, xxüi. 144). 

' Eepert. t. Pharm. Ixxxiv. 62. 

' IbEd. xxüi. (New Serie«), 102, 1874 (Amer. Journ. Pharm, xlvi. 235). 

' Archiv d. Pharm. Iviii. E2 ; Ber. d. d. chem. Ges. xiv. 238B. 
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C. Schmidt ■} for angeUcin, which htus been proved to be identical 
with hydrocaroiin, sea Brimmer f for Carolin, sce Husemann.' The 
lastrnamed Bubstance forma red ciystals, solublo in benzene and 
bisulphide o£ carbon, It dissolves in conc. sulphuric acid, with a 
purplish-blue colour, and ia also coloiu'ed blue by sulphuroua-acid- 
gaa. 

Anemono!, which occurs in many Eanunculace£B, may also be 
mentioned here. It ia an oily aciid liquid, volatile with the va])Our 
of watBc, and gradually changing in aqueous Solution to cryataJüne 
anemonin. The latter can be isolated by ahaldng the aqueous 
Solution with ether or Chloroform, and like anemonol, acta aa an 
irritant when applied to the skin.* 

For mpsicin and cajtsaicin see Thresh ;^ for nm^'in and brydidin 
aee Euii" 

§ 127. Caoulchouc. — Petroleum apirit extracta only a trace of 
caoutchouc, which remoina undiaaolved on treating the reaidue 
after evaporation with warm absolute alcohol, If a conaJderable 
quantity of caoutchouc ia preaent the majority ia left in the aub- 
stance after exhaustion with petroleum-spirit, and may be extracted 
by biaulphide of caibon containing 6 to 8 per cent. of alcohol, or 
by Chloroform. From these aolutiona it may be precipitated by 
the addition of more alcohol, whilat resinous aubatances and the 
like generally remain dissolved. {See also § 46.) 

5 138. Edimation of Glyceriii (§ 13). — For details of the deter- 
mination of thia eubstance see Eeichardt,'' and Neubauer and 
Borgmann.* The latter authora point out the fact that ether- 
alcohol removea other aubatances besidea glyeerin from wine, etc., 
and that the estimation may accordingly bo too high. They 
therefore recoramend diasolving the glyeerin residuo in alcohol, 
adding 3 volumea of ether, filtering and evaporating. Paateur 
adviaea the evaporation of the aolution to bo conducted as quickly 

> Annal. d. Chem. und Pharm, liii, 156, 1845, 

' N. Repert. f. Pharm, xxiv. 6S5, 1374 (Pharm, Joum. and Trans. [3], viL 91), 

■ Aimal. d. Chem. und Pharm, cxtll. 200, 1S61. 

• Compare Fehling, Anoal, d. Cham, und Pharm, xxxviii. 278, 1841 ; Müllat, 
Cbem. Centrlb. 618, 1850 ; Erdmann, Jonrn, f, prakt. Chem. inv. 200. See 
Amer. Jcmni. Pharm, xxxiv. 300 ; xsii, 440. 

» Phum. jDuni. and Trans. [31, vi. 941, vii. 473. 

' N. Repert. f. Pharm. 230, 1875 (Pharm. Journ. and Trans. [3], vii. 167). 

' Archiv d. Pharm. [3], x. 408 ; 13], sl, 143, 1877. 

* ZeitBchr. f. anal. Chemie, xviii. 442, 1S73, See also Pasbeul, Ann»l. d. 
Chem. UDd Fhum. Iviii. 330, 1964. 
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as possible, as glycerin loses weight even in a vacuum. Compare 
also Griessmeier and Clausnitzer.^ 

§ 129. W(m,—Cetyl akohol (§ 14) melts at 48" to 49", and at 54* 
is miscible with spirit of specific gravity 0*812 in all proportions. 
Cerotyl olcohol melts between 79° and 81°, melissyl alcohol at 85*. 
The latter is scarcely soluble in cold alcohol, benzene, petroleum 
spirit, or Chloroform, but dissolves on boiling. 

König and Kiesow found a substance in meadow-hay which they 
considered to be cerotene, or a *paraffin* of the composition C.20H42.* 

Hirschsohn has endeavoured to find distinctive characteristics 
for certain vegetable waxes that find application in the arts,' with 
the foUowing results : 

Wax from Mytica quercifolia, — Soluble in 10 parts of boiling 
Chloroform ; the Solution remained clear on cooling. Gompletely 
soluble in ether. 95 per cent spirit dissolved 16 '16 per cent^ at 
the ordinary temperature ; petroleum spirit 53 to 62 per cent. 
The alcoholic Solution gave a precipitate with alcoholic ferric 
Chloride (1 in 10), which did not dissolve on warming. 

JVax from another sp. of Myrka yielded 19*88 per cent to 
alcohol, 68*70 per cent. to petroleum-spirit Ferric chloride 
coloured the alcoholic Solution black. 

Wojxfrom Myrica cerifera yielded 7*16 per cent to alcohol and 
41 '62 per cent. to petroleum spirit Ferric chloride coloured 
the alcoholic Solution brownish. 

Wax from Rhus succedanea (Japan wax) resembled the three 
f oregoing waxes in being completely soluble in Chloroform, but 
was only partially soluble in ether. Alcohol dissolved 14 per 
cent, petroleum spirit 69*8 per cent Boiling with 10 parts of 10 
per cent alcoholic potash saponified it ; [the soap was completely 
soluble in 100 parts of water, whilst that from beeswax was only 
partially dissolved. 

PVax from Aleurifes laccifera, — The Solution in Chloroform 
became turbid on cooling ; the addition of an alcoholic Solution of 
acetate of lead to a similar Solution of the wax caused a cloudiness 
on Standing. Boiling alcohol left a pulverulent substance un- 
dissolved. 

^ Ber. d. d. ehem. Gres. xi. 292, 1878 (Journ. Chem. Soc. xxxiv. 449), and 
Zeitschr. f. anal. Chemiei xx. 58, 1881 (Journ. Chem. Soc. xl. 470). 

^ Ber. d. d. chem. Ges. vi. 500, 1874. For vegetable wax see also Ludwig, 
Arohiv Pharm. [3], i. 193. 

3 Pharm. Journ. and Trans. [3], x. 749. 
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Carnaiiba, waz behaved similarly to chloroform and alcohol, but 
itcetate of lead caused no cloudiness. It was partially soluble in 
ether ; the ethereat Solution became tnrbid oa the addition of 
alcohoL Cold alcohol dissolved 3'25 per cent., petroleum-spirit 
5 '04 per cent. 

BaJita wax reaembled camanba wax in most of its propetties, but 
the addition otaleoholdidnotrender the etherBal Solution turbid. 
Oold alcohol disaolved 9*7 per cent^, petroleum spirit 3 '32 per cent. 

For cerodn from the augar-caue see Avequin,^ Dumaa,^ and 
Lewy.' 

Wax may be recognised microchemkally as a aolid exiidation on 
the surface of the cells, insoluble in water and partially or wholly 
aoluble in ether. (See also §§ 14, 1-5, 145.) 

§ 130. Oleicand Lhiolek Acids. — Oudemans^ has adopted the 
following method for the eatimation of oleic acid. The soap 
obtained by Baponifying about 10 gi'ama of the fat with potash is 
decomposed with aulphuiic acid ; the fat-acids are washed with 
water, mixed with excees of carbonate of soda and dried. The 
dry masB ia exhauated with boiling alcohol, filtering whilat hot ; 
to the alcoholic Solution a iittle water and an oxcess of acetate of 
iead ia added. Tbc lead precipitate is collected and dried ; and 
from a weighed portion the oleate of lead is extracted by boiling 
with ether. The oleic acid may be calculated from the weight of 
the residue obtained by evaporating the cthoreal Solution, 

Linoleic acid has not yet been isolated in a State of purity, as 
the free acid when expoaed to the air oxidizes even more rapidly 
than the corresponding glyceryl Compound. Mulder eatimated it 
approximately by separating it, together with oleic, palmitic and 
myristic acid, from the soap, dissolving the mixed fat-acida in 
alcohol, caretully evaporating, allowing the palmitic and myriatic 
acids to crystallize out, and finally Converting into the iead salts. 
Extraction with ether then removes oleate and linoleate of lead, 
By repeated evaporation in contact with air and re-solution in 
ether, the linoleate of lead gradually becomes insoluble, wiiilst 
oleate of lead does not change.' 

' Anniklea de Chimie et de Phjeique, Ixxv. 21S. 
* Ibid. 238 ; Annal. d. Chem. und Pharm, xxxtü. 170, 1841. 
» Ibid. (New Serien), xüL *B1. 
*,Toum. f. prallt. Chem. icix. 407, 1877. 

' Coinpare Zeitachr. f. Chem. H 452. 1SB6 (Amer. Joura, Pharm, il. 249) ; 
Sohillar, Jahresb, f. Phonn. 1S&, 1657. 



112 FIXED OIL, ETC. 

Of lauric acidy Oudemans observes that it is easily volatile with 
the vapour of water, which is not the case with myristic and 
oleic acid (§ 15). (Myristic and other fat-acids may however be 
distilled in vacuo,) 

Oleic and stearic acids may be separated, according to David,^ by 
precipitation from alcoholic Solution with glacial acetic acid (1 
volume to 3 of 95 per cent. spirit). Oleic acid is not thrown out 
even by the addition of 2*2 cc. of a mixture of equal volumes of 
glacial acetic acid and water to 3 cc. of alcoholic Solution. Under 
these circumstances stearic acid would be completely separated. 
(See §§ 16, 131.) 

§ 131. Tlie Separation of resins from fat-acids in soap-analysis has 
formed the subject of Communications from Jean,^ Barfoed^ and 
Gladding.^ * The following particulars are taken from Barfoed : 

a. Stearic and palmitic acids are soluble in hot 70 per cent 
spirit, but separate out on standing twenty-four hoiirs in a cool 
place. Coniferous resin (abietic acid) dissolves in 10 parts of cold 
spirit of the same strength, but is precipitated on adding water 
containing hydrochloric acid. 

h, If a mixture of the same fat-acids with resin is boiled with 
7 volumes of 30 per cent. spirit, to which 1 volume of an aqueous 
Solution of carbonate of soda (1 to 3) has been added, both resin 
and fat-acid dissolve. On cooling, the soap produced from the 
fat-acid^ separates out, whilst the resinate of soda remains in 
Solution. The fat-acids may be obtained from the precipitate by 
filtering off, washing with alcoholic carbonate of soda Solution and 
decomposing with hydrochloric acid, whilst the filtrate yields the 
resin on treatment with an acid and shaking with ether. 

c, On adding a Solution of 1 part of chloride of calcium in 15 
of 80 per cent. spirit to a hot Solution in spirit of the same 
strength, and cooling, the calcium salts of both fat-acids separate 
out, whilst that of the resin acid remains in Solution. 

d, If Stearic and palmitic acid and resin are dissolved in soda> 
the Solution evaporated to dryness, powdered and extracted with a 

^ Zeitschr. f. anal. Chem. xviü. 622, 1879 (Joum. Chem. Soc. xxxiv. 1011). 
2 Polyt. Joum. ccvii. 1873 (Journ. Dhem. Soc. xxvi. 195). 

* Zeitschr. f. anal. Chem. xiv. 20, 1875 (Joum. Chem. Soc. xxix. 771). 
Compare also Gottlieb, Foliz. chem. Skizzen, Leipzig, 1853 ; and Sutherland» 
Chem. News, 1866, 185. 

* Chem. News, xlv. 159, 1882. 
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mixtiire of 1 voluine of 98 per cent. spirit to 5 of ether, the resin 
Compound alone passes into Solution, 

Gladding's method depends upon the iuBolubility of the ailver 
salts of fat acida in etiler, in which resinate of atlver diaaolvea 
both easiiy and abundantly. For working details of the process 
reference must bo made to the original paper. 

If oläc udd is preaent, the Separation by a and & vrill l>e inac- 
cuiate, as the resin will be contaminated with oleic acid. These 
methods might, however, be employed to separate oleic from 
steaidc and palmitic acid in absence of resin. If only a small 
quantity of oleic acid is present, the resin may be estimated by i:. 
On decomposing the limo aalt with an acid, a Uttle oleic acid 
may be precipitatcd mth the resin, bat the former remains sus- 
pended in the liquid, whilst the latter agglutinatea into lumps. 
After separating the resin, the oleic acid may be removed by 
shaking the liquid with ether. 

The eatimation of resin in the presence of oleic acid is, however, 
best accomgliahed by d. The mixture must be well dried and 
the ether-alcohol made from anhydroua spirit and ether ; 1 part 
by weight of oleato of soda dissolves in 935, 1 of resinate of aoda 
in T'9 parts of ether-alcohoL 

CHLOROPHYLL AND ALLIEB SUBSTANCES. 

§ 132. Ckiwophi/U. — Not withstan ding that the chcmical nature 
of Chlorophyll is still involved in considerable obscurity, I treated 
it in g 20 as a homogeneous body, and at the aame time pointed 
out that the chlorophyll-granrdes observable under the microscope 
contain solid albuminous subatances, starch, etc., in addition to 
chiorophylL 

It haa been aatisfactorily proved by Fremy' and others that 
Chlorophyll may he separated by treatment with hydrochloric acid 
and ether or benzene into two colouring matters, one of which, 
cyanophyll or phyllocyanin, is blue and soluble in ether and 

' Comptes RenduB, 1. 405, 1860, bei. 388, 1865; Joiirn. t. prnkt. Chem. 
Ixxxvii. 31B, 1862. See alan KromayBriind Lndwig, Archiv d. Pharm, elvi. 
164. 18B1 ; A^, Archiv d, Pharra. cxcü. 1U3, 1870 ; Kraus, 'Zur Kenntnisa 
des Chlompb^lirarLstuffeR,' Stuttgart, 1872; WJesner, Gtiem. Ceiitralblatt, 
3fiä, 1874 ; yjlhal. Cuiuptea Kendiu, Ixi. 371, Inix. 612, 1874 ; Hartsen, 
Annal. der Phj«. cxlvi. 168, 1874; 'Neu6 chemiaoha UnterBuchungun,' 
Fvntemftnn, 1875 ; Archiv d. Pharm. [3], vii, 13S, 1S7S. 
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benzene, the other, xanthophyll or phylloxanthin, yellow and 
insoluble. 

These two substances exist, according to Fremy, aide by side in 
Chlorophyll In this opinion, however, he is opposed by Prings- 
heim and others,^ who assert that they are only producta of its 
decomposition. Sorby, again, does not consider the existence of 
a Chlorophyll, a phyllocyanin, or phylloxanthin of definite chemical 
composition to be probable, but rather anticipates in them repre- 
sentatives of whole series of such Compounds. Which of these 
opinions may be correct it is impossible at the present time to 
decide. 

Whether the green colouring matters isolated by Filhol, 
Sachsse,^ and others, and said to differ spectroscopically from 
ordinary Chlorophyll, are of artificial origin, or whether they can 
be produced by the plant itself ; what relation probably exist8 
between Chlorophyll, * purified Chlorophyll,* or chlorophyllan and 
cyanophyll; between xanthophyll, Hartsen's crystalline chryso- 
phyll and Pringsheim's hypochlorin, are questions involved in 
still greater obscurity. 

I restrict myself, therefore, here, to stating that * Chlorophyll * 
can be extracted from vegetable substances by boiling alcohol 
after exhaustion with water ; a littlö, however, is retained by the 
residue insoluble in alcohol, as benzene still extracts a green 
colouring matter possessing all the characters of chlorophylL ^ 

1 Chem. Oentralblatt, 299, 316, 331, 1880. - Ibid. 121, 1878. 

^ That the Chlorophyll exists in different states of combination is rendered pro- 
bable by the fact that if vegetable substances are exhausted with petroleum 
spirit, benzene, ether, etc., in succession, each of these solvents removes Chloro- 
phyll, 80 that when petroleum spirit falls to dissolve more of it, appreciable 
quantities can still be extracted with benzene. This combination might be con- 
ceived to be simply mechanical, the protoplasm acting in a similar manner to 
hydrate of aluminium which, as is well-known, has the power of mechanically 
retaining Chlorophyll. But the question may also be raised whether Chlorophyll, 
which, in the opinion of many authors, possesses the characters of a weak acid, 
does not exist in plants in combination with different bases, and whether 
soluble (basic) alkali-compounds, such as those artificially produced by Fremy, 
do not occur ready-formed in some plants. Every one that has been frequently 
engaged in plant-analyses must have observed that well-filtered aqueous 
extracts of leaves, etc., when acidified and shaken with benzene or ether, yield 
to those solvents substances which on evaporation assume a green tinge and 
possess all the characteristic properties of Chlorophyll. The assumption of the 
preser.ce in the aqueous extract of a colourless chromogene converted during 
the successive Operations into Chlorophyll would, it is true, be possible, but I 
cannot as yet regard the first view as untenable. The whole subject, indeed, 
appears to me deserving of further investigation. 
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After acidulating the alcoholic extract with hydroehloric acid 
and diluting with a littlo water, the Chlorophyll may ho removed 
by shaking with benzene, xanthophjll remaining in the alcoholic 
liquid. Under thesa cireumstances, however, the Chlorophyll is 
unfortunately alwaya accompanied by f atty matter, etc. 

% ! 33. Estimation of Chlcnvphyü.— Should it appear desirable to 
iaolate the Chlorophyll for the pui-pose of weighiug (cf. § 37), 
advantage might possibly be taken ot an Observation made by 
Sachsse,^ viz., that a benzeae Solution of Chlorophyll, on standing 
for a few days over metallic sodium, deposica a green mass 
capable of being filterod off from the golden-yellow Solution, 
With the exception of its containing sodium, it agrees with 
Chlorophyll in most of its more important characters, although, 
of coüTse, it no longer representa that aubstance in an unaltored 
Htate. It dissolves in water, but is completcly precipitated by 
Bulphate of copper. The copper Compound thus formed may, 
however, be contarainated with carbonate. From it the colouring 
matter may be isolated by suspending in alcohol, passing a current 
of sulphuretted hydrogen through the mixture, and evaporating 
the aloohobc filtrate. The residue may be weighed. 

g 134. ErytkropkyU, ClUorophyllan, etc. — By first freeing grass 
from wax by treatment with ether, and then exhauating with 
alcohol, Hoppe-Seyler^ aucceeded in isolating from unaltered 
Chlorophyll a greenish-white colouring matter, sparingly soluble 
in alcohol, crystaliizing in four-sided plates, and appearing red by 
transmitted light Thia substance seems to be identical with 
Bougorel's* erythrophyll. Hoppe-Seyler also sepaiated a second 
substance, which was more easily soluhle in hot alcohol, crystallized 
in noodles, and appeared darfc green by reflected, but brown by 
transmitted, light. Thia body, which ho terms chlorophyÜan^ 
agreea with the so-called Chlorophyll in most of ita proporties, 
eapecially tlie spectnim, in which, however, the bands in the 
yellow and green are somewhat deeper than they are in the 
ordinary chlorophyll-spectrum {Jig 148 and 20). Hoppo-Seyler 
thinks it possible to make approximate estimations of Chlorophyll 
by titration *vith spoctroscopic cnd-reaction.* Gautier has also 
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isolatecl from the leavea of dicotyledonous plante a crystaUine 
Chlorophyll,' which Hoppe-Seylei' suapects to be u, mixture of 
erythroiibyll, chlorophyllan and wax: Gautier'e analysea agree 
tolerabiy well with thoso of Hoppe-Seyler's chlorophyllan. 

g I3Ä. Xanthophyll (phylloxanthin), the yellow colouring matter 
to which the autumnal tint of many leaves ia aacribed, appeara to 
be insoluble in water, sparingly soluble in cold ether, petroleum 
spirit, or benzene. Alcohol diasolves it more readily, and it ia 
soluble also in ether-alcohol. It may be obtained as a yellow 
granulär deposit eontaminated with fatty matter by evaporat- 
ing an alcoholic extract (Berzeliua). Dilute acid and dilute 
potaeh and ammonia are said to disaolve it but sparingly ; the 
latter may, therefore, be employed to effect a partial Separation 
from fat, etc. Sulphuric and hydrochloric acida colour it only 
ffüntly blue. If the alcoholic extract haa been ahaken with 
benzene, as directed in g 132, the residue obtained on evaporating 
the benzene Solution may be purified by suitable treatment with 
the foregoing liquids, especially petroleum apirit.^ Hartaen thinka 
that hia chrysophyll is possibly identical with phylloxanthia 

Hypockl<yrin. — Pringaheim' states that hypochlorin separates 
from the Chlorophyll granules in the form of yellow dropa, which 
gradually become crystalline. It ia insoluble in water, dilute 
acids and aolutiona of salts, bwt ia eaaily diasolved by etber, 
benzene, bisulphide of carbon and ethereal oils. In concentrated 
and dilute alcohol it ia at one time easilj', at another difEcuItly, 
soluble. Poaaibly it is volatile with the vapour of water. 

It wonld bo premature, on the basis of the facta that have as 
yet been eatablished, to aasert the identity of hypochlorin with 
xanthophyll ; the latter ia eertainly not identical with etiolin, the 
yellow colouring matter of etiolated plants, which in alcoholic 
Solution asaumea a green tinge, and, aftcr the lapao of some time, 
ia coloured blue by hydrochloric acü 

for the calouriog matter of certnm Algse, see SnchBue, ' Ghem. und Phya. d. 
FarbetofFe, Eohlehydrate und FiotaüiBUbatanEen,' Leipzig, 1877. 

' Bulletin de Ia Sog. Ciiim. isviü. 147, 1879 (Joiirn. Chem. Soc. xxxviä. 
286). 

" FoF tlie rektion that xanthophyll (etiolin) beara to Chlorophyll, nee 
Wieaner, ÄnnaL d. Phys. und Chem. eliii. 622, 1874, and Chem. CentralbUtt, 
353, 1871 ; also ' Die Enstehung d. CblorophjU's in der Pflanie,' Wien, 
Holder, 1874. 

' Chem. Centcalblfttt, B, 27, 299, 316, 331, 1880. Compare also Jahrenb. 
f. Wüeenach. Bot. 18T4. See Quarterly Jnurn. Mic. Soc. ISSl. 
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Anthoxanthin, the yellow colouring tiiatter in the petals of many 
flowers, also differs from xanthophyll. It occurs in two varieties, 
one of which (anthochlor, xanthein) is soluble in water, whilst the 
other (xanthin, lutem) is dissolved only by ether and alcohol. The 
latter tums green and blue on the addition of hydrochloric acid. 

ETHEREAL OILS, VOLATILE ACIDS, ETC. 

§ 136. Estimation.-^The foliowing estimations are taken from 
Osse, and given here in illustration of the method recommended 
in § 22 : 

I. 0*277 gram of oil of turpentine was diluted with petroleum 
spirit to 10 cc. ; 1 cc. of the Solution was evaporated as described 
in § 22. The weight of the residue was 046 gram, which, after 
exposure to the air for 1 minute, decreased to 0*026 gram (differ- 
ence, 0*02) ; after a second minute's exposure, 0*0205 gram (dif- 
ference, 0055); after a third, 0*017 gram (difference, 0*0035); 
after a fourth, 00135 (difference, 00035). The weight of the 
turpentine taken is calculated from the third weighing, 0*0205 
gram, to which is added 2 x 0*0035 gram, making a total of 0*0275 
gram from 1 cc, or 0*275 gram from 10 cc, instead of 0*277 
gram. A second estimation gave 0*267 gram ; mean 0*271 gram. 

II. 0*1268 gram of oil of lemon was diluted to 5 cc. with petro- 
leum spirit, and 1 cc. taken for evaporation. 

Ist weighing *= 0*0505 

2nd „ = 0*0250 diff. = 0*0255. 

3rd „ = 0-0185 „ = 0*0065. 

4th „ = 0-0165 „ = 0-002. 

6th „ = 0-0145 „ = 0-002. 

To the third weighing, 0*0185 gram, there is to be added 
2 X 0*002 gram, giving a total of 0*0225 gram from 1 cc, or 
Ol 125 gram from 5 cc, instead of 0*1268 gram. A repetition of 
the estimation gave 0*1275 gram; mean 0*1200 gram instead of 
0-1268 gram. 

III. 0*166 gram of oil of cinnamon diluted to 10 cc. ; 1 cc. 
taken for evaporation. 

Ist weighing - 0-0317 
2nd „ ~ 0-0171 diflf. - 0-0146. 
3rd „ = 00163 „ = 0-0008. 
4th „ - 0-0160 „ - 0-0003. 
5th .. - 0-0157 .. = 0-0003. 
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The third weighing, 0*0163, represents the quantity of oil 
present, since no correction has to be made, as the co-efficient of 
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evaporation is less than 0*001. 10 cc. would, therefore, contain 
0*163 gram instead of 0*166 gram. 

§ 137. Estimation with Bisidphide of Carbon.— In&tesid of petro- 
leum spirit, Osse also tried bisulphide of carbon, as recommended 
by Hager ^ for the quantitative estimation of camphor, as well as 
mixtures of both liquids, without attaining better results. He 
has therefore decided in favour of petroleum spirit alonö, which, 
however, should not contain any oils boiling at a temperature 
higher than 40° C. 

In analyzing vegetable substances such a petroleum spirit is 
preferable to mixtures of the same with bisulphide of carbon, as 
it has a lesser solvent power for resins, etc. Ethereal oils may 
be extracted from their aqueous Solutions by petroleum spirit,^ 
and may therefore be estimated in the aqueous portion of the 
distillate (§ 24) by shaking with that solvent and evaporating a 
measured quantity of the Solution after Separation from the 
aqueous liquid. I have also employed this method for estimating 
the essential oil in the official aromatic waters. 

§ 138. Influence of Fixed Oll. — Osse also made experiments *with 
the view of ascertaining whether the presence of fixed oil could 
affect the determination of ethereal oil, either by itself increasing 
in weight during the exposure to the air or by preventing the eva- 
poration of the ethereal oil at 110° C. He found that a pretty 
close approximation to the truth might generally be arrived at by 
deducting 0*09 to 0*1 per cent. from the weight of the fat after 
heating to 110*. No appreciable error would be caused by the 
oxidation of the fixed oil during the evaporation of the petroleum 
spirit, as the presence of the latter, even in small quantities, pre- 
vents or delays such change. 

0*875 gram olive oil was mixed with 0*051 gram oil of turpen- 
tine and heated for an hour to 110** C. The weight of the 
residue was 0*875 gram, which did not alter if the heating were 
continued two hours longer. 

1*4265 gram olive oil and 0*0575 gi'am oil of cinnamon weighed 
after 

1 hour at 110°. . . 1*436 gram. 

iS )y ft * . . I*4«5t5d )) 

3 ., ..... 1-4315 



tf »» • • • * -*^J.v }, 



^ Pharm. Centralblatt, xiii. 449. 

- Dragendorff, paper read at a meeting of the German ' Apothekerverein * 
in Cologne, 1873 ; ' Ermittelung der Gifte,' 2nd ed., 46, 1876. 
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I obtained similar results in experiments vrith cacao butter. 
Eeaia could be almoat completoly freed from ethereal oil at 100° 
to 110°, and it waa only in tha case of oüa prono to oxidation, 
such as oil of cloves, that the residual reain was aomewhitt 
heavier than was expected. (See also § 146.) 

Drying oila woiild, of course, increase very appreciably in 
weight. The evaporation and heating would have to becoiiducted 
in an atmosphere of carbonic acid ^§ 9). 

The foUowing experiment will seiTe as an example of tbo 
estimation of ethereal oil in a vegetable substance -.'^ 

Five grams of aavin leaves were finely powdered and digested 
with 25 cc. of petroleum apirit ; 1 cc. of the Bolntion waa eva- 
porated. The residue weighed 00265 gram (corr.), which de- 
creaaed to OfllTS gram on heating to 110°. 1 cc contained, 
therefore, 0'009 gram ethereal oil and 00175 gram resin, or 
4'5 per cent, of ethereal oil and 8'7o per cent of resin. 

g 139. Separation of Volatile Actds. — Angelic acid melts at 45° 
and boila at 185° ; methyl-crotonic acid at 65° and 198° ; crotonic 
a«id, 16° and 160-5° ; capric, 30° and 268° to 270° ; caprylic, 16° 
to 16-5° and 236° to 237° ; tenanthic boüa at 223° to 224° ; caproic, 
204° to 206° ; valerianic at 175°; trimethylacetic, 1637° to 163'8° 
(melts at 35-3° to 35 ■5°) ; butyric at 163°; iaobutyric, 154°; 
propionic, 140°; acetic, 118° (aolidifiea at 16'7°); formic, 105". 
Thia difference in the boiling points of fat-acida permita of their 
Separation from one another by fructional distillation. 

Fractional precipitation by aalts of silver, etc., may also be 
found useful in separating aevei-al of the foregoing volatile acida 
from one another; certain differencea in the aolubilitj' of the 
salta can also sometimes be tnnied to account. Iaobutyric acid, 
for instauce, may be separated by the former method, whilst the 
aparing solubiUty of the silver aalt (1 in lUO) enables us to isolate 
acrylic, butyric, acetio acid, etc. The harium, calcium, and lead 
aalts of aome of the acids may be simüarly employed ; tlma the 
barium aalt of caprylic acid ia soluble in 164 parta of cold water f 
formale of calcium is insoluble in absolute alcohol ; the lead aalt 
disaolvea in 65 parta of water, whilat mercurous formate requiroa500 
parts at the ordinary t«mpei*ature. Basic formate of lead obtained 

' See Ümb'b work pruvioualy referred to. 

' für the entimation of VBteTiHtiiu acid, set Zavntti aud Sestini, Zeitachr. f. 
«lul. Chemiii, viii. 3S6, lSä9. 
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by heating formic acid with oxide of lead is insoluble in alcohol,^ 
whilst basic acetate of lead prepared in a similar way is solable 
(the heating shonld be continued nntil the reaction is alkaline, 
but not longer, as otherwise an acetate insoluble in alcohol mi^t 
be produced). Basic butyrate of lead is also soluble in alcohol, 
bat both the neutral and basic salt are greasy and sx)aringly solable 
in cold water. The same is the case with the ferne Compound 
obtained by precipitating an alkaline butyrate with a ferric salt 
(avoiding an excess). (See also § 34.) 

§ 140. Identification. — ^The mturating power of a fatty acid, a 
knowledge of which may be of assistance in identifjing it, can be 
ascertained by titration with normal soda Solution, or by esti- 
mating the sodium, barium, lead or silver contained in the corre- 
sponding salts. In certain cases a determination of the waier of 
cri/stallization may prove usefuL 

By distilling the sodium salts with concentrated sulphuric acid 
and absolute alcohol, the ethyl-salts of the acids may be prepared ; 
they are not unfrequently of characteristic odour (acetate, buty- 
rate, valerianate of ethyl, etc.), by which, as also by their boiling 
points, they may sometimes be identified. 

§ 141. Opiical Tests ; Sduhüity in Alcohol. — For infoimation with 
regard to the optical testing of volatüe oils see Buignet,* Franck,* 
Flückiger,* and Symes.* 

I have ascertained that alcohol must possess the following 
strengths to be miscible with certain ethereal oils in eveiy propor- 
tion : oil of turpentine, 96 per cent. ; fir, 96 per cent ; juniper, 
95 per cent ; savin, 92 per cent ; lemons, 97 to 98 per cent ; ber- 
gamot, 88 per cent ; bitter orange, 98 i)er cent. : caraway, 88 per 
cent ; peppermint, 86 to 87 per cent ; oleum menthae crispse, 86 
per cent ; layender, 88 per cent. ; rosemary, 82 per cent. ; sweet 
marjoram, 82 per cent ; cajeput, 91 per cent ; sage, %ö per cent ; 
doTes, 74 per cent ; cinnamon, 78 per cent ; cubebs, 90 per cent ; 
fennel, 93 per cent. ; anise and rose, 93 to 94 per cent ; balm, 90 

^ ' Barfoed, Lehrbach der organiachea qiiaL Analyse/ Kopenhagen, 1880. 

' Joum. de Pharm, et de Chim. [3^ xL 252, 1S62 (Amer. Joum. Pharm. 
xxjdT. 140). 

»y. Jahrb. f. Pharm, xxtü. 131 ; xxLx. 28. See also Mierzinski, *I>ie 
Fabrik, äth. Oele/ Berlin, 1572, and Flückigers 'Pharm. Chemie,' Berlin, 
1879, where the specific grarities of certain ethereal oüs will also be foondL 

* Archiv d. Pharm. [3], x. 1&3, 1877 (Amer. Jotim. Pharm. IxxviL 309>. 

• Pharm. Joum. and Trans. [3], x. 2»>7. 
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per Cent. These figures are true for fresh oils only, and for tem- 
peratures ranging from 20" to 22°. ^ 

I found the following proportions of weaker alcohol necessary 
to form clear mixtures with the foregoing oils : 



Oil 





Vols. 


Stre 


ngth of Spirit. 


1 of Cinnamon . 


.3 of 65 pei 


' Cent. (Trallea). 


,, Cloves 


. 27 „ 


60 




,, Sage . 


. 3-1 „ 


65 


)) >> 


,, Cajeput 


. . 2-5 „ 


65 


)) ** 


,, Marjoram . 


. . 1-45 „ 


78 




,, Rosemary . 


. 1.4 „ 


78 




,, Lavender . 


.2*3 „ 


65 




1, Mentha crispa 


. . 27 „ 


65 




,, Peppermint 


. . 2-2 „ 


70 




„ Caraway . 


. 0-8 „ 


84 




,, Bitter orange 


. 0-9 „ 


94 




,, Bergamot . 


. 1-15 „ 


78 




,, Lemon (dist.) . 


. 4-0 „ 


91 




)> 11 (pressed) 


. 2-8 „ 


92 




,, Savin 


. . 1-3 „ 


80 




,, Juniper 


. 3-0 „ 


93 




,, Turpentine 


. 375 „ 


92 




,, Fennel 


. 2-9 „ 


85 (at 


2rc.) 


,j Anise 


. 6-3 „ 


85 (at 17-5*' C.) 



§ 142. Colour-reactions. — I have observed the following colour- 
reactions with certain ethereal oils -? 

Solution of bromine in Chloroform (1 in 20), in the proportion of 
10 to 15 drops to one of oil, gives colourless mixtures with oils of 
turpentine, caraway, lemon, coriander and cardamoms ; yellow 
with bergamot, bitter orange and neroli ; slowly twrning green with 
cloves, ginger, lavender, cajeput, cascarilla ; slowly turning greenish- 
hlne with ol. menth. crisp., oils of juniper, pepper and galangal ; 
greenislirbrown or hvivn with sweet marjoram, dill, cummin and 
valerian; a more or less fine rose^ red, or reddish-violet tint is 
gradually produced by rosemary, fennel, anise, star-anise, cinna- 
mon, nutmeg, thyme, peppermint, myrrh and parsley ; hrownish- 
molet with mace; hlue or hluisJirviolet with cubebs, copaiba, 
amomum, laurel, sandal-wood and sweet flag ; orange with oil of 
worm-seed, oil of cedar-wood ; and with camphor. 

* N. Repert. f. Pharm, xxii. 1, 1872 ; Pharm. Joum. and Trans. [3], vi. 
541 et seq. See also Godeffroy imd Ledermann, Zeitschr. d. allgem. oesterr. 
Apotheker Ver. xv. 381 et neq. ; Jahresb. f. Pharm. 394, 1877. 

- Pharm. Joum. and Trans. [3], vi. 681 ; Archiv d. Pharm. [3], xii. 289. 
See al8o Hager, Pharm. Centralblatt, 137, 169, 195, 1870 ; and Flückiger, 
Schweiz. Wochenachr. f. Pharm. 261, 1870. 
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Imjmre Chloral Hydrate^ (2 drops to 1 of oil), resembles the fore- 
going reagent in the colouration it produces with many oils. It 
differs, however, in it« behaviour to oil of lemon and bergamot, 
with which it assumes a reddish colour ; cloves, which tums red 
on warming ; mace (fine rose-red), pepper (reddish-violet), copaiba 
(dark-green), valerian (greenish), cummin (fine green), cinnamon 
(green, with violet margin), and myrrh (reddish-violet). 

Alcoholic hydrochloric acid varies in its action with the amonnt 
of acid it contains. A dilute Solution is to be preferred, as . 
the colourations appear more slowly, but are purer. Dilute 
alcoholic hydrochloric acid in the proportion of 15 to 20 drops to 
1 of oil yields colourless mixtures with oil of turpßntine, caraway, 
coriander, cardamoms (conc. acid, cherry-red), cloves, rosemary 
(conc. acid, deep cherry-red); yellow mixtures with bergamot 
(conc. acid, orange to olive-green), mace (conc. acid, reddish-brown), 
dill (conc. acid, cherry-red), bitter orange, cummin (conc. acid, 
deep violet) ; brownish-red with oils of cascarilla, lavender, sweet 
marjoram, worm-seed, juniper (conc. acid, red) ; rose to deep red or 
reddish-violet with oils of cubebs, pepper, copaiba, cedar wood, cin- 
namon, nutmeg, thyme, laurel, sweet-flag and myrrh ; red, tuming 
htm, with oil of peppermint. 

Concerärated sulphuric acid (2 or 3 drops to 1 of oil) assumes with 
most oils a yellow colour, tuming brown, and frequently passing 
finally to a fine red. The latter colouration is observable with 
oils of caraway, mentha crispa, sweet marjoram, star-anise, 
mace, dill, juniper, cubebs, copaiba, sage, winter-green, lavender, 
amomum, cascarilla, nutmeg, thyme, sandal-wood, peppermint, 
myrrh, and parsley. Oils of cardamoms, cloves, fennel, anise, 
cajeput and laurel produce a violet, cinnamon a green and blue 
colouration. 

K a drop of the oil is mixed with 1 cc. of Chloroform and 2 
drops of conc. sulphuric acid added, similar colours are produced^ 
and imparted to the chlorof oruL 

^ Jehn was the first to obaerve that this reagent produced a currant-red 
colour with oil of peppermint. Its use is, however, open to objection, as it is 
not yet known what impurity causes the colouration, and it is therefore impos- 
sible to prepare a reagent of constant composition. If 100 cc. of alcohol are 
saturated with chlorine, mixed with sulphuric acid (after partially separating 
the hydrochloric acid by evaporation) and the resulting metachloral distilled, a 
very satisfactory reagent will be obtained, but its activity diminishes on 
keeping. 

^ But not if petroleum spirit is used instead of Chloroform. 
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FiüMe's Eeagenf^ resembles aulphiiric acid in ita actioii; butthe 
«oloura are purer and make their appearance raore rapiiüy, Very 
characteristic colours are produced with some oils by sulphuric 
aoid mixed with Jth of ita voliime of a 5 per cent. atiueous Solution 
of ferric chloride. 

The oils should be dissolved in chlorotono, in ■which the colour- 
ing matter is also soluble and thna seen to advantage. 

OÜB of peunyroyal, parsley, coriander, fennel, anise, savin and 
turpentine cause no colouration in the cblorofonn, even alter the 
lapse of some time ; with oils of ledum atid peppermint it asaumes 
a red tinge ; with ledum-camphor, and oils of thyme, caieput, 
^alangal, pepper, cuhebs, copaiba, juniper, viold or UuisJi-vü)lei ; 
with aerpyllum, sweet marjoram, rosemaiy, caraway, dill, nutmeg, 
■cloves, worm-seed, cinnamon, yrswi or bluishrgreen ; with oil of 
bei^amot, etc., olive-green. 

Fuming nitric aeid (5 di-ops to 1 of oil) gives spedaily charac- 
teristic colourationa with oils of mace and nutmeg (blood-red), 
cubeba (green), copaiba (bluish-violet), gaultberia (cheriy-red), 
cinnamon (caiinine), mynh (reddieh-violet), pimento (blood-red), 
and [>ennjToyaJ (violet). 

Pkric acid (0'05 gram to 5 to 6 drops of oil) ia easily dissolved 
by some oils in the cold (caraway, curdamome, cioves, rosemary, 
meotha criapa, awcet marjoram, aniae, atar-anise, dill, valerian, 
cummin, gaultberia, cinnamon, sweet flag); by othera only on 
warming. Some of the aolutiona deposit crystala on standing 
(turpentine, lemon, bergamot, sweet marjoram, mace, dill, galangal, 
bitter orange, worm-seed, valerian, cedar-wood, lavender, cajeput, 
nutmeg, thyme, laurel and sandal-wood) ; others gradually assumo 
characteristic colourationa : thus od of mentha crispa becomes 
olive-gi'een ; cloves, sweet marjoram, aniae, atar-anisc, nutmeg, 
cinnamon, cummin, amomuni and thyme, orange ; fennel and 
myn'h, blood-red ; diil, caacarilla and galangal, brown ; wonn-aeed, 
reddiah-brown ; sweet-flag, deep brown ; peppermint, deep grass 
green. < 

riuckiger^ recommenda acting upon a Solution of the ethereal 
oil in biaulphide of carbon (1 in 15) with sulphuric and n'Uric acids. 
With oil of valerian and nitiic acid (specific gravity, 1'2) he 
observed a green colouration of the bisulphide, and red of the acid 
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layer ; with a mixture of both acids, blue. Gurjun-balsam oil 
behaved similarly, and oil of cubebs also tumed blue with a 
mixture of both acids. 

Solid iodine added to ethereal oils produces somewhat varying 
eflföcts. With some oils, especially terpenes of the f onnula Cj^Hig, 
the action is very energetic, and accompanied by evolution of both 
hght and heat, whilst with others nothing of the kind is obsenr- 
able. Chromic acid also reacts explosively with certain oils. Some 
oxygenated oils(carvolof cummin oil) yield crystsiYimesulphhydrates 
when mixed with alcoholic Solution of sulphide of ammonium, from 
which the oil may be separated by decomposition with potash.^ 
If hydrochloric acid gas is passed through ethereal oils, 
crystalline or liquid hydrochlorates are not unfrequently produced, 
which may be characteristic of the oil acted upon. The NOCl 
group sometimes combines with hydrocarbons of the terpene 
seriös to form Compounds of the formula C^QH^gNOCl, aud, 
according to Tilden, this reaction also may be employed in dis- 
tinguishing ethereal oils. Tilden ^ obtained crystalline Compounds, 
with French and American oil of turpentine, with oil of juniper, 
sage, caraway, bitter orange, bergamot, and lemon. 

For the use of cohesion figures in identifying the varicus- 
ethereal oils see Kate Crane^ and Tomlinson.^ 

§ 143. Fractional distillation. — Linnemann's apparatus^ (fig. 6) 
is very serviceable in fractionally distilling ethereal oils (§ 30). 
A is a tube of about 40 cm. in length and 1 cm. in diameter ; at 
about 32 cm. from one end a second tube, B, is fused on at an 
angle of about 80°, so that it can be connected with a condenser. 
Just beneath the junction, and at a distance of 20 and 25 cm. from 
the end, bulbs are blown. At the upper end a thermometer is 
introduced, the bulb of which should be in C. In the lower pari 
of the tube about 8 cup-shaped pieces of platinum gauze are 
inserted. These are intended to receive the condensing vapour 
from the liquids of higher boiling points and wash, as it were, the 
vapour of more easily volatile liquids. Smaller apparatuses of 
30 or 25 cm. in height may be used for special purposes. 

Fai' distillation in a 2)ci'^li(^l vacuiim the apparatus represented in 

^ Compare Jahresb. f. Pharm. 468, 1867. 

2 Pharm. Jonrn. and Trans. [3], viii. 188. 

3 Pharm. Journ. and Trans. [3], v. 242. ** Ibid. v. 280. 
^ Annal. d. Chem. und Pharm, clx. 195, 1872. 
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fig. 7 has been recommended by Thiimer.^ The method of uHing 
it is Bufficiently inteUigibie from tbe figure, and requires no 
special description. 

g 14i. Furtker Examumtion of Elhereal OUs.- — For details of the 
analysia of ethereal oils by fractiorial diatillation, I refer to tbe 
examination of eucalyptus oil by Faust and Homeyer,- of parsley 




,^.v?^)&\ 



Fig. 6. 



oil by Gerieht«n,ä nnd oil of sage by Muir and Suguira,* In the 
inveatigation of oil of dill by Nietzky,* of oil of valerian by 
Bruylants (see below) and of amica by Sigcl,^ the fatty acids 
~ \ the oil are included. Ethereal Bolts were found by 



I, 187S. See alao Bevui, Chem. Nem, 



' Ber. d. d. ehem. Ges. i 
xxxviil. 183, 1S79. 

' Ber. d. d. cbem. Ges. vii. 63 and 1429, 1874 {Joum. Chem. Soo. xxtü. 
475). 

' Ber. d. d. oham. Ges. ii. 208 and 1477. 1876 (Jgurn. Chem. Soc. xxi. 78.) 

* Pharm. Joum. and Tran«. [3], vii. 265, 1878 ; TÜi. 191, 1877. 

" Archiv d. Pharm. [3], U. 317, 1874 {Journ. Chem. Soo. xxvii. 892). 

• .\iiniil d. Cham, und Pharm, oliit. 345, 1S73 (Jaiim. Cbem. Soc itivii. 
377). 
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Renesse^ in the oilof Pastinaca sativa and by Möslinger^ in that 
of Heracleum sphondyKum. 




UBin^*«* 



Fig. 7. 



Bruylants included aldehydal substances in bis examination of 
oil of tansy.^ 



^ Annal. d. Chem. und Pharm, clxi. 80 ; clxxi. 380 (Joiim. Chem. Soc. 
xxvi. 642 ; xxvii. 1145). 

^ Ber. d. d. chem. Ges. ix. 998. See also Zincke, Annal. d. Chem. und 
Pharm, clii. 1, 1869 ; Ber. d. d. chem. Ges. iv. 822, 1872. See also Gutzeit, 
* Ueber das Vorkommen des Aethylalkohols im Pflanzenreiche,* Jena, Duflft, 
1875 (Joum. Chem. Soc. xxviii. 1245). 

^ Ber. d. d. chem. Ges. xi. 449, 1878 (Journ. Chem. Soc. xxxiv. 157). 
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g HS. ßesinrocids and the more imporlani melhodsfor tkeir Separa- 
tion. 

With regard to the coniferous resin-acids, tha observations maiie 
in g 131 may be supplemented by the following: 

AhktkacM^ occiirs in lamellar crystals, softening at 129" and 
melting at 144°, aoluble in alcohol and ether, and fonning salts 
with most bases, Prolonged heating converts it into ita anhy- 
dride, which is soluble in absolute alcohol, and was forraerly 
known as pinic acid. The alcobolic Solution of tlds substance 
yields no crystals on evaporation ; it ia gradnally veconverted into 
abietic acid by the continued action of 70 per cent. alcohol. 

Pimaric acid, from Pinus pinaater, forma granulär cryatalline 
masses melting at 149°, difücuhly soluble in cold, but eaailyin 
boiling alcohol, and soluble in ether. It resembles abietic acid in 
moat of ItB properties, but differs in poaaessing a bitter tasta 

For podocarpic acid see Oudeinana ;^ gardenin, Stenhouae and 
Grovea ;' phyUic add, Bougarel* 

In isolating resin-acids one of the following methoda will be 
frequenÜy found auccessful : 

a. Successive trealmenl with spint of different strengtits, finally 
adding water and shaking with ether. It will be obaerved that 
resin acids are, as a rule, more oasily soluble in dilute spirit than 
resin-anhydrides, wax, etc It was by this method that I suc- 
ceeded in isolating mm<pimic acid from a bark iraported from 
Madugaacar.* The reaiduo obtained on evaporating the ethereal 
extract was treated with 85 per cent, spirit, wliich left a wax 
undissolved. The spirituous aolution was evaporated, and the 

' Mdly coDsidered the acid formerly known ua aylvio acid to be abietic ; 
Davemay regarda it ob u modiGc&tion of pimaric acid. 

' Ber. d. d. ehem. Ges. vi. 1122 ; Annal. d. Chem. und Pharm, clii. 213 
(Journ. Cbem. Soa. xxvii. 72). 

* Annal. d. Cbem. und Pharm, oo. 311 (Joum. Chem. Soc. 1873). 

* Union Pharm, xviii. 262, 1877 {.Toura. Chem. Soc ixiii, 90E). A aab- 
■tanca similar to that described luidtir the above anme is ofton met with ia the 
analyaia of herbaceoi» and leatherj- leavea. It is soluble in boiling alcohol, 
ajid separatee from »uch Solution, after the irav, an uvapomting and cooliog. 
It orystnllizes in oolonrless Bcales, diiwolre» with difficnltj ■□ water and 
glycerin, is soluble in ether and chlorofurm, oud also in warm potasb, but pre- 
oipituted bj an eicesa of bhe Inlter. 

* Phann. Jonm. and Trans. [S], ix. 816 (1870). 
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mass treated with 50 per cenL spirit, in which a little brown 
resin was f onnd to be insolable. To the alcoholic solation ether was 
added, and then sufficient water to caose Separation. On well 
shaking the ether dissolred the whole of the mongnmic acid, the 
addition of a few drops of acetic or hydrochloric acid f acilitating 
Solution. The mongnmic acid was then obtained by eTaporatiiig 
the ethereal liquid. 

h. Treatment of ihe mized resias with a sohäion of soda or poiash in 
dUuie spirUj and recoTeiy of the resin by the addition of acetic or 
hydrochloric acid and filtering, or, if very finely suspended, 
shaking with ether. I adopted this method in separating a resin- 
acid from paeony-seed.^ The mixed resins were treated with 
boiling 85 per cent spirit, and the liquid kept at 0* f or some time, 
to allow of the Separation of a little resin anhydride that had 
been carried into Solution. To the filtrate water was added tili 
the spirit was reduced to a strength of 50 per cent, by which the 
resin was precipitated. The mass was then dissolved in a sola- 
tion of soda in 50 per cent. spirit^ again precipitated by the 
addition of acid, and finally decolourized in alcoholic Solution by 
animal charcoaL In adopting this method the requisite strength 
of the spirit must be ascertained by preliminary experiments. 

c. Treaiment of the mixed redns tcith aqueous soda or potash, — 
Any resin dissolved by the alkaline liquid may be generally re* 
covered by acidification with acetic or hydrochloric acid. (Com- 
pare also § 45).^ It is, moreover, not unfrequently possible to 
obtain sparingly soluble combinations of the resin with silrer, lead^ 
barinm, calcium, etc., by adding salts of tliose metals to the sola« 
tion of resinate of soda. This method is sometimes successful in 
cases of mixtures of several resin-acids or of a resin-acid with other 
resinous substances soluble in Solution of soda. The resins present 
may be separated by fractional precipitation ; or it may happen 
that only one is precipitated by the salt used, in which case, of 

^ Archiv <L Pharm. [3], ix. 426, 1S79 (Journ. Chem. Sv^c. xxxvi. 1043). 

- Chryxin^ discovered by Piccard in the buds of the poplar (Ber. d. d. chem. 
Ges. vi. 884, 1873 ; Journ. Chem. Soc. xxvi. 1236 might be isolated by this 
method. It is precipitated yellow by acids, is somewhat sparingly soluble in 
ether and alcohol, and almost insoluble in petroleuni, bisiilphide of carbon, 
Chloroform, and benzene. The latter, when warm, removes the so-called 
tectochrysin. An alcc>holic Solution of chrysin is coloiired violet by ferric- 
chloride, and gives with neutral acetate of lead a yellow precipitate, soluble in 
excess and in glacial acetic acid. 
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course, the others remain in Solution ; or finally a mixture may be 
precipitated, in which, however, a Separation may be effected by 
treatmeat with solvents or by decomposition witli carbonic acid, 
etc. Hirschaohn met with a case of thia deacription in bis examiua- 
tion of galbaniim.^ The resinous portion of tho dmg was digested 
with soda, and to the Solution chloride of barium was added tili 
no further precipitata was produced. From the dried barium 
precipitate boiling alcohoi dissolved a rather large amount, which 
separated again on cooling, and contained only 1-07 per cent of 
baryta. This portion muat bave been canied down eithar 
mechanically or in so looae a State of combination that boiling 
spirit sufEced to effect a docomposition into acid and baae. The 
alcoholic Solution contained a second resin-acid, which was partly 
precipitated on paaaing carbonic acid through the liquid, and 
partly, in masaes of fibrous crystals resembling asbestos, on the sub- 
aequent addition of water. Boiling 95 per cent. alcohoi extracted 
it from the dried precipitate. The dilute aleohoHc liquid, alter 
treatment with carbonic acid, was acidulated witb hydrochloric 
acid, which threw down a flocculent precipitate, aoluble in 
ammöniä. In addition tö these three resins a fourth häd eseaped 
precipitation with chloride of barium. It conld be separated by 
passing a current of carbonic acid through the alkaline Solution. 

In fractiunally precipitatiag with silver or lead salts attention 
ahould be directed to tbo percentage of the metal and the roelting 
point of the reain acid contained in the precipitates. These two 
pointB are frequently of aervice in identifying acids, 

d. The mixed resins may finally be separated by dissolving them 
in apirit and fradionaUy predpitaCiny wilh alcoholic solulion of acelate 
oflead. 

§ 146. Resins and ffum-resiJW of Commerce. — The examination 
of commercial resins and gum-resins, which generally conaiat of 
ethereal oil and various reainous aubstances frequently accompanied 
by mncilagp, sugar, etc., was at my Suggestion undertaken and 
carried out by Hirschsohu. The foUowing is an abstract of bis 
results ■} 

' Pharra. Zeitaohr. f. Kussland, p. 225 et aeq., 1S75 (Pharm. Joum. and 
TnuiB. [3], vii. 369 et so].). 

» Ph.nn. ZeitaEbr. f. Rumland, 225 et seq., 1875 ; 1 et seq., 1877. 'Beit- 
räifB zur Chem. der wichtigeren Harze, Gummiharze und Balsame,' Dias. 
Üorpat, 1877. Archiv d. Pharm. [3], x. 481 et «eq. ; xi. 54 et eeq. ; xiü. 283 
et teij. Pharm. Joum. and Ttons. yiii. 3S9 et eeij. 
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1. For the determination of the ethereal oü petroleum spirit may 
be used as a solvent.^ (See §§ 9, 22, 23, 138.) But, as elsewhere 
observed, part of the resin will also be dissolved; the residue 
obtained by evaporating at the ordinary temperature tili the 
weight is constant must therefore be heated to 110" or 120*, and 
the percentage of ethereal oil calculated from the loss. The 
amount of resin dissolved by the petroleum spirit, which is thus 
simultaneously ascertained, may be of use in estimating the value 
of different varieties of a resin or in detecting adulterations (in the 
case of copal, the better the quality of the resin the smaller the 
percentage of non-volatile substances soluble in petroleum spirit). 
The mixture (of ethereal oil and resin) obtained by evaporating 
the petroleum-spirit Solution f requently yields colour-reactions with 
the reagents mentioned in § 142. 

2. The residue insoluble in petroleum spirit is treated with ether 
and the substances dissolved estimated. It should be ascertained 
if ether takes up all the resin insoluble in petroleum spirit or if a 
further portion is removed by subsequent treatment with alcohol. 
Gum-resins will of course always leave a residue insoluble in 
ether, consisting of sugar, gimi, salts, etc. The ethereal Solu- 
tion should be tested as to its miscibility with alcohol and the 
residue after evaporation for colour-reactions as mentioned 
in 1. 

3. The estimation of substances soluble in alcohol, both in the 
original drug and after treatment with ether, together with the 
qualitative examination of the Solution, may likewise yield results 
of some value. In the case of gum-resins sugar is one of the prin- 
cipal substances extracted by alcohoL (See§§ 70, S3 et seq,; 200 
etseq,) It should be ascertained whether a turbidity is produced 
by adding ammonia, ether, or alcoholic Solution of acetate of lead 
to the spirituous extract from the original resin. 

4. If a gmn-resin is imder examination, water will remove gum 
(§§ 73 et seq,; and 193 et seq,) and certain salts from the residue 
after treatment with alcohoL Note should be taken if a gum 
swelling, but not dissolving, in water is present. (See §§103 and 
193 et seq,) 

5. Important results may also be obtained by treating the 
original resin with Chloroform, ether, or saturated aqueous Solution 

^ The resin should be rubbed down as fine as possible with powdered gUuw, 
and then macerated with petroleum spirit. 
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of carbonate of aoda. The latter may cause a colouration or take 
«p cinnamic acid (detected by the pennanganato of potash reaction 
(§ 26), etc.). For detaila of the scheme published by HirschBohn 
for the idontification of the more important resioa and gum-resins, 
refereoce mustbemadato the original papera, etc., already quoted. 

g 147. PcEotiio-fluoresdn. — If agitation irith ether (g 44) removea 
any substance f rom Solution in caustic alkali it ehould be ascertained 
wliether the eame can bg extracted f rom a Solution in a carbonated. 
alkali. It was found that paeomo-fluorescin^ could be obtained 
much purer by using a carbonated rather than a caustic alkali, as the 
latter partiaUy decomposes it, whilst the former does not. Whether 
the seedä of other plants contaic in their testa a body allied to, or 
identical with, peeonio-fluorescin, and possessing, therefore, a strong 
fluorescence in ethereal Solution, is a matter for investigation. 

Preonio-fluoreacin is sparingly soluble in Chloroform, benzene, 
and cold water (somcwhat more ffeely in warm), but insolnble in 
petroleum apiriL It is precipitated from a warm (50°) aqueous 
Solution by gelatine, but not by acetate of lead or copper. On 
boiling with very dilnte hydrochlorlo acid an intense green colour 
ia developed, which can be estracted by agitation with ether, and 
changes to a reddiah-violet in eontact with acetate of soda. Its 
Solution in vciy dilute lime-water, extremely weak ammonia, or 
even chalky spring-watcr, gradually assumes a fine red colour when 
exposed to the air. 

§ 148. jintkraqainone^erivalives. — In treating the subatanees 
soluble in ether (^ 36 and 46) with alkaline liquids, any chango 
of colour, especially to red, should be carefully noted. If auch 
is the case there is reason to take into considcration the possible 
presonce of certain anthraquinone derivatives, such as chryso- 
phanic acid, emodin, frangulic acid, alizarin, purpurin, etc. They 
aro soluble in very dilute alkali, and are precipitated by hydro- 
chloric acid from the deeply-coloured (geaerally red) solutiona. 
It frequently happens that these hodies do not occur ready- 
iormed in the fresh auhstances, or in material that has been care- 
fully dried, but are preaentintheformof glucoside3-(chry8ophan, 
frangulin, ruberythric acid). 

The following are some of the cbaracteristic properties of the 
foregoing anthroquinone derivatives. 
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Chrystrphank acid, as obtainei from rhubarb, aetina,^ etc., is 
almost insoluble in water, but if in eorabination with a base it 
can be extracted from aqueous Solution by adding a strong acid 
and shaking with ether. The solubility in alcohol and acetic acid 
varies directly with the strength of the solvent (1 cc. of 86 per 
Cent, alcohol dissolves O00O17 gram at 30° ; 1 cc. glacial acetic 
acidd!S3olves0'00046 gram), 

Chrysophanic acid ia sparingly aohible in petroleum spirit, but 
iB disaolved by benaene and chlorofonn, especiaüy when warm. 
It can bo sublimed in flat rhombic piiams, which melt at 162°, 
are yellow in colour, and strongly dichroic. It is eaaily disaolved 
by alkaline üquida, both aqueous and alcoholie, with production of 
a fine red colour, for particulars of the spectrum of which refer^ 
ence must be raade to Keussler's dissertatäon. This colouration 
in contact with alkali aerves as a means of detecting chrysophanic 
acid and alhed substances micToscopioally, but it ia preferable to 
employ baryta- or lime-water, aa with theae bases Compounds are 
formed which are inaoluble in water. 

Emodin agrees with chrysophanic acid in most of ita properties, 
but may be distiiigiiished by its iasolubility in benzene, and 
gi'eater aolubility in ether and alcohoL It melts at 245° to 250°, 
and crystallizes in needles from glacial acetic acid. 

Erythroretin and Phteoretm may also be obtained from rhnbarb ; 
they are both sparingly soluble in ether, freely in alcohol ; the 
former is coloured purple-red by alkabes, the latter reddish- 
brown,^ 

ChrysaTobin, occurs in Goa powder;^ it ia soluble in boiÜng 
benzene, and forma a yellow Solution with conc. aulphnric acid 
(chrysophanic acid, red), It is not disaofved by dilnte potash, 
but with concentrated it yielda a yellow Solution with a green 
fluorescence. On shaking this liquid with air for some time it 
tums red, and then deposits chrysophanic acid after acidulatioiL 



65, 97, 1878 (Phano. .Toum. and Trana. [3]. yüi. 826), and the 
tha papcr by Greenish, Pharm. Journ. and Trans. [3], ix. 933. 

' Compare Keusslsr, 'Unters, d, chrjaophajiBaureart, Subst. der Sennes- 
blatter und der Frangnlinsäure, ' DisB. Dorpat, 1879, and Pbarm. ZaitBchr. f. 
RuBsland, 2fi7 et seq., 1878. See aJwi Kubly, ' Ueber das wirkswne Princip 
und einige anders Best, d. SGoneablatter,' Dies. Dorpat, 1865, and Ph&rm. 
Zeitschr. t. KuBakod, *29 tt seq., 1866 (Amer, Journ. Pharm, siXTi, 374). 

' Compare Kubly, Pbarm. Zeitsohr. f. RuBsland, y\. 603, 1887. 

> Compare Liebermann und Seidler, Ber. d. d. ehem. Ges. xi, 1603 (Journ. 
Chem. Soo, xuvi. 326). 
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Frangulic acid can be obfcwned as aa orange-red powder, con- 
siating of soiall acicular (! hexagonal) crystala, whicli melt ai, 
255° and are not dichroic At a temperature of 18° 1 ca of 
glacial acetic acid disaolvea 0'00235 gram, 1 cc. of 96 per ceEt 
spirit 018 gram. The Bolutiooa of thia substaacs ia aqueous or 
alcoholic alkalies are also of a fine red coloiir, but prove to be 
Bomewhat different from thoae of chrysophonic acid when ex- 
amined apoctroaoopicaliy, Keusaler made the following observsi- 
tions witb aqueous Solutions in cauatic potaab, imdcr thc conditions 
mentioned in g 23 : 

Slmlnlshad tindimlnlnhsd lllmlnlabsd Ko colcun 

IntuDBily. lutensity. Intenslty. obaenable. 

ChrjBophanic acid . 0°— 13° 13°— 3i" 34°— 38° <8° to and. 

Praogolic acid . . 0" — 18° 18°— 38° From 38° to end gradual dimini- 
tionoflntenaitj^tocotcpletedark- 

Compare Plate I., 1 and 2.^ 

Alizarin forma orange-red priama, whicb aro also almoet 
inaoluble in coldwater, butsolublein alcoho!, ether, benzene, and 
aqueous alkalies. They melt at 215°, and can be sublimed with- 
out decomposition. Ita alkaline aolutiona are violet, and yield 
purple precipitatea witb salts of calcium, bariuia and lead. Vogel* 
statea that the abaorption-spectrum of a Solution of alizarin in 
dilute alcobolio potash ahowa two dark banda, one of which is 
exactly divided by the line d, whilat the other begina a little 
before B, and may be traced aome diatance past that line, (Com- 
pare Platc I, 3.) An alcoholic Solution of alizarin, after addition 
of ammonia, ahowa an abaorption spectnim witb a single ill- 
defined band in the greeo between I) and F. (Plate I., 4), 

l'iirpurin showa under the lastnaroed conditions two ül-defined 
abaorption bands to the right and left of F (Plate I., 5), whilat 
an alcoholic aolution made alkaline witb potash absorbs dark 
blue powerfully, and ahowa two very deep banda between F and 
F, and E and D, and ono weak one at d. (Plate L, 6.) The 
difference between the spectra of alizarin and purpurin ia ao great 
that an admixturo of 1 per cent of the latter can be detected with 
facility in the former. The direct detection of amall quantities of 
alizarin in purpui'in ia, however, impoasible, but, according to 

' For frangiüiD uid frangulic acid, see also Faunt, Archiv d. Pharm. oIxxxviL 
8, 1869 (Pharm. Joum. and Trans. [3], iii. 1033). 

" 'Prakl. Rpaktralanalyiie,' Nördlingen, Beck, 1877 ; and Ber. d. d. ehem. 
Gea. X, 157. See aUo ibid, 175 and 650 ( Juum. Chem. Soo. voL kx: "" 
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Schuck and Eömer,^ indirect proof may be obtained by taking 
advantage of the unoqual affinity of tbe two Bubstancea in alkaJma 
Bolution tor atmospheric oxygen. A Solution in caustic soda is 
exposed to thia air uutil it has become almost coloiirless aDd ceases 
to show tbe spectntm of purpurin after the addition of more 
alkali. By acidifying with bydrocbloric acid and agitating with 
etber, the alizarin can be extracted, rediasolved in alcoholic 
potasb, and teated spectroscopically. 

The Scale on Plate L corresponds to that deacribed in § 20, I 
shall Bubsequently come to speak of the spectra of Chlorophyll, 
htematoxylin, and some otlier colouiing mattere {partly taken 
from Vogel) also figured on the aame plate. 

Purpurin forma orange-red needlca, melting at 253°, and aolubls 
in boiling water and alcobol, but more freely ao in ether, bisul- 
phide of carbon, and boiling benzene. Aqueoua Solutions of aliun 
disaolve it, forming yellow Hquids with green fluorescence ; with 
dilute aqueous alkalies purplo aolutiona are obtained ; it diBsolTe» 
with difiiculty in alcoholic aodi^ and ia precipitated by lime- and 
baryta-water. 

The mjthföitlcroiin, tx ficleMrythrm, isökted by Podwissötzky 
and myself^ from ergot is, I think, possibly identical with, or 
closely allied to, purpurin. 

Alizarin is generally considered to be produced from a glucoside, 
ittberythric acid, and not to occur ready-formed in the madder 
plant ; ruberj'thric acid is poasibly itself a product of the decom- 
position of rubian. The latter is said to be soluble in bot water 
and in alcobol ; from aqueous- Solution it is not precipitated by 
Solution of alum or lead salts, but probably it haa not yet been 
obtained in a state of purity. Boiling Solutions of aJkahea dis- 
solve rubian with production of a red colouration and formation 
of alizarin, rubiretin, verantin, rubiadin and sugar, Boiling 
dilute ocida induce a aimilar decomposition, whilst with cold 
dilute alkali it yields rubianic acid. 

Ruhenjlhrk acid is freely soluble in hot water, in alcohol, and 
in ether. It ciystallizea in yoUow silky prisms, and forms blood- 
red Solutions with alkalies. Basic acetatc of lead precipitates it 
as a yermilion-red powder. Boiling with dilute acid resolves it 

■ Ber. d. d. ehem. Ges. x. 175, 1877 (Journ. Chera. Soc. sicti. 604). 

ä Archiv f. exper. pHthoIog. und Phatniakologie, vi. 154, 1876 (Pharm. 
Joiim. and Trans, [3], vi. 1001, viii. 106). Sitz- Bor. d. Dorpnter Naturf. Gea., 
392, 1877. 
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into augar antl alizarin. According to Stenliouse, morindin ia 
identical with rubeiythric acid, morindoa with alizaiiu (ivhich ia 
doubted by Stein), and munjeatin with purpuria. 

With regard to the constituents of madder that have beea here 
mentioned, and some others that accompany or can be obtained 
from them, I refer in particular to the investigations of Schunk, 
Eochleder, Stenhouse and others, for an accotmt of which 
Gmelin's ' Chemistry ' may bo consulted. 

For Thamnin, xanthorhamnin, ckrysorkamnin, and their alliea, see 
Fleury and Eiswanger,! Ortlieb, Liebemiann, and Hörmann.* 

Rhinacantkin, discovered by Ldborins in Ehinacanthua com- 
munis, appears to possesa aome of the proportica common to 
anthraquinone-derivatives.' It oc&urs ia the intercellular Spaces 
in the root bark, ia aoluble in ether, alcohol and dilute alkali, bufc 
insoluble in pure and acidulated water. ÄlkaKea produce a deep red 
coloüration, which ia diacharged or changed to greenish by acida. 

Allcannin is ioaoluble in water, but yielda fine red Solutions 
with ether, alcohol, bisulphide of carbon, £xed and ethereal oila. 
The apectrum is figured on Plate I., 11. Alkauoin ia uncrye- 
tallizable, dissolvea in concentrated snlphuric acid (violet), in 
alkalies (b!ue), and in alcoholic ammonia. 

Bmn hehavea similarly to water, alcohol and ether. It dissolvea 
in aqueoua alkalica also (but the Compounds thua produced are 
aparingly aoluble in alcohol), and is coloured blue by concentrated 
aulphuric acid,* 

Curcumin^ la alao insohible in water, but ia disaolved yellow by 
ether and alcohol, hrown hy alkalies, Eoracic acid colours it red, 
changing to dark blue on the addition of an alkalL (Forits spec- 
tmmaee Plate I., 12.) 

For camiogic acid, which ia diasolved yellow by coacenti-ated 
sulphuric acid, see Johnstone^ and Büchner.^ 

' Jouni. de Pharm, et de Chim. xivii. G6S ; Repert. f. Phnmi. civ. 64. 

ä Bull, de la &«. du Mulhouae, isx. 18 ; Ber, d. d. ohem. GeB. li. 1618. 
Se« »ko Lefort und Stein, Jahresb. f. Pharra. 145, 1867; 127, 1888; 133, 
1869 (Joom. Cheui. Soc. xxxvi.). 

» SitK-Bar. d. Dorpatec Natnrf. Gtifl. 277, 1879 (Phano. Joum. and Tran«. 
13], ix. 162). 

• Campare Stein, Cliem. Cantralblatt, 939, 1867. 

* See Linda und Daube, Jouro. f. prakt, Chem, ciü. 474, and New Serieei, 
Ü. 88, 1870 (Journ. Chera. Suc. xxiv. 152). 

" Phil. Mag. 281, 1839. 

' Aniuil d. Cham, und Pharra. xlv. 72, 1843 {Amei. Joum. Pharm, xv. 129), 
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For grönhartm or taigvsic acid see Stein and Amaudson.^ 
Fijpüzahoic acid also probably belongs to this group.^ 
§ 149. Detection of Anthraquinone-derivatives, — To prove that 
these substances, or others that have been separated with resinSy 
or resins themselves, are entitled to be considered as anthracene- 
derivatives, they may be heated dry with zinc dust in a glass tube 
in the same way as in ultimate analysis (i.e., a mixture of zinc 
dust with the substance at the end of the tube, f ollowed by a layer 
of pure zinc), the producta of decomposition being led into a 
cooled receiver.^ Anthracene and methylanthracene should be 
specially looked for ; both of them are obtained in the form of 
crystalline Sublimates, The former melts at 213°, possesses a 
blue fluorescence, is insoluble in water, sparingly soluble in 
alcohol, but more easily in ether, benzene and bisulphide of 
carbon. When dissolved in benzene it forms a Compound with 
picric acid, which separates out in red crystals. The action of 
bichromate of potash and sulphuric acid converts it into anthra- 
quinone. If anthracene alone is obtained, a derivative of that 
body would be indicated ; methylanthracene alone or together 
with anthracene would arouse suspicion of the presence of a 
methylanthracene derivative. The latter possesses, like anthra- 
cene, a powerful blue fluorescence ; it melts at 200°, forms with 
picric acid a Compound crystallizing in dark red needles, yields 
with bichromate of potash, sulphuric and glacial acetic acids, 
anthraquinone-carbonic acid, which is sparingly soluble in excess 
of potash and melts at 278". Methylanthracene is only slightly 
soluble in ether, alcohol and glacial acetic acid, but f reely in bisul- 
phide of carbon and benzene. 

§ 150. Hcematoxylin, etc, — Treatment with alkali also reveals 
the presence of hsematoxylin ; but it must be observed that this 
substance can be removed by pure or acidulated water from the 
evaporation-residue of the ethereal extract (§ 38).* With alkalies 

^ Journ. f. prakt. Chem. xcix. 1 ; Jahresb. f. Pharm. 165, 1866. 

2 Compare Weld, Annal. d. Chem. und Pharm, xcv. 188, 1855 (Amer. 
Journ. Pharm, xxx. 446). 

' Compare Liebermann und Graebe, Ber d. d. chem. Ges. L 49, 104, 1868 
(Journ. Chem. Soc. xxv. 139). 

* The extraction of hsematoxylin with ether free from alcohol and water IB 
generally incomplete, as it is somewhat sparingly soluble in that menstmum ; a 
part," therefore, will probably be removed on subsequently treating with 
alcohol. 
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hsematoxylin proJuces a beautiful violet colour; it redaces alkaline 
copper-solution aa well as aalta of silver and mercury, and cannot 
be sublim cd. 

The best method of extracting liEematoKylin from vegetable 
Bubstances (such as logwood) ia to maeerate first wiih water con- 
tajning a littlo sulphurous acid and theo exhauat with ether 
saturated with wator. fFor the spectrum, bqg Plate L, 7 and 8.) 

Braa'dlin reaemblea biematozylin, and, üke it, is soluble in ether, 
alcohol and water. Alkaliea produce a cannine-red colouration, 
which disappeara when the liquid ia warmed with zinc dust, but 
retuma od expoaure to the air, The apectrum is shown on Plate 
I., 9. On boiling with peroxide of lead and water a atrong 
fluoreacence ia developed. 

Sardalin ia aoluble in ether (yellow), and alcoho! (red), but not 
in pure water. With dilute potash it yields a violet eoloured 
Solution, from which chloride of barium precipitates a violet 
barium-compound. It difFera from alizarin in ita melting-point 
(104°), in not aiibliming, and in yielding no anthraoena (For 
spectrum aeo Plate I., 10.) 

§ 151. Deiedhn and Edimalion of Gdlic Acid, Ciüeckin, eic. — In 
addition to the foregoing subatancea gallic acid, catechin and 
pjTOcatechin are extracted by water from the evaporation-reaidue 
of the ethercal extraot (§ 38). They aro depoaited in acicular 
crystala on evaporating an aqueous Solution over sulphuric acid at 
the ordinary temperature, or may be removed by shaking with 
ether, or preferably, aoetic ether. If in aufficienc quantity, gallic 
acid or catechin may be purified hy re-crystallization from boiling 
water, the former being aoluble in 3 parts of boiling and abont 
100 of cold water, thß latter in 4 and 16,000 reapectively. Heated 
betwecn watch-glaaaes, gallic acid yielda a white auhlimate of pyro- 
gallol, together with black non-volatiie melangallic acid. Catechin 
yielda pyrocatechin. (Cf, g§ 38 and 42.) Conc. aulphuric 
acid diaaolvea gallic acid colourleas in the cold, but on warming 
the liquid becomes wine-red and crimson. The addition of water 
now causes the Separation of rufigallic acid, which ia eoloured 
transient bluo by conc. potaah. If only tracea of the latter acid 
are preaent they may be extracted, according to Barfoed,' from the 
aqueoita liquid by agitation with acetic ether contaioing spirit, 
and the residue obtained on evaporation treattid with potaah, 
' Barfoed, Lubrb. d. org. qnn]. AnaljBS. Lief. 1, 63. 
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linder the infiuence of alkalies gallic acid tiims rapidly green, 
red and reddish-brown. Like tannic acid, it yielda inky mixturea 
with ferrous and ferric aalte, but is not precipitated by gelatine 
from aqueoua Solution. It reducea nitrata of silver and aikaline- 
copper Solution. Gallic acü is precipitated by acetiitffl of load, 
and is partially removed from aqueoua Solution by digestioE with 
the hydrate of that mctal. The precipitatea are, however, neither ' 
quite insoluble nor of constant composition, so that they cannot 
be recommended as a means of estimatiog gallic acid except 
under certain conditions. If a Solution of hydrate of lead in 
potash ia boiled witli very dilute Solution of gallic acid, a rose or 
violet coloTir is developed, which is persistent for some time, 
eapecially in the presence of alcohol (Klunge). 

Calechin colours conc, sulphuric acid, on wai-ming, ptirple, 
changing to blaclc Solutiona in aqueous potash, aramonia or 
carbooated alkaliea gradually abaorb oxygen and become rose-red^ 
scarlet, passing to dark red and finally black. The alkaline Solu- 
tion produces at first no colouratioE with ferroua aulphate, but a 
green tinge is subaequontly developed ; acetate of soda is said to 
tum the colourless mixture instantly violet-blue, and cause the 
Separation of a bluish-black precipitate. A very small quantity 
of ferric chloride coloura Solutions of catecltiu green, but excesa 
eauses decolourization and formation of a hrown precipitate. 
Like gallic acid, catechin does not precipitate gelatine, and acta oa 
a reducing agent. The lead aalt ohtained by precipitation is not 
sujted for the quantitative determination of catechin, as it easily 
decomposes {tuming red on ex^josure to the air). 

A better method for estimating both catechin and gallic acid 
consista in agitating with ether or acetic ethcr and weighlng the 
evaporation-residue, or preferably, titrating it with perman- 
ganate of potash. {Cf. § 52, VII ; g§ 53 and 165.) 

Pyrocaiechin is also easily aoluble in alcohol, melts at 112°, and 
can bo sublimed. Ex]K)sed to tho air in alkaline Solution it tums 
green and Hack ; feiToso-ferric aalts colour it dark green. It 
reduces gold and ailver aalta and alkaline -eopper Solution. With 
acetate of lead a precipitate is formed, vrhich is soluble in acetic 
acid ; Solution of gelatine is not precipitated. 

g 153. Quercilriii, Quefcctin, etc. — Quercitrin and quercetin, if 
present in the material under examination, miglit be partially 
extracted with ether (§ 36), by which, however, they are not very 
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eaaily dissolved, They are both very sHghtly solublo in cold 
water ; quercetin evcn in hot. They dissolve in the fixed and 
volatile alkalies, and in alcohol, cryatallizing trom the latter 
in yellow needles. Ferric chloride colours the alcoholic solu- 
tions green (quereetin red, on warming) ; acetate of lead pro- 
ducea orange-red ajid brick-red precipitates respectively. Both 
qnercitrin and quereetin reduce Solutions of gold and silver salts, 
and also alkaline-copper Solution after prolonged boHing. Heat- 
ing with mineral acids resolves quercitrin into isodulcite and 
quereetin (Lüwe contradicts thia, and asserts that water alone ia 
given off). It niay be extracted from aqueoua Solution by agitation 
with amylic alcohol.^ It melts at 130° to 133", and is insoluble 
in benzene, petroIeum apirit, Chloroform, and bianlphide of 
carbon. 

In close relation to, but not identical with, qnercitrin or mtin 
Stands the vlolai/uercilrin reoently isolated by Mandelin* from 
Viola tricolor. It was deposited in yellow acicular crystala on 
aaturating thö aqueons Solution with benzene. Boiling with 
dilute acids decomposed it with prodnction of glucoae, quereetin, 
and a third body as yet not further investigated. 

A body allied to quereetin appeara to occur in the rhizome of 
Podöpbyllum poltatum.' According to Podwissotzky, the other 
important conatituents of this drug are podophyllolorin, which 
melta at 115° to 120°, is sparingly soluble in water, soluble in 
ether and chloroform, and precipitated from chlorofonnio Solution 
by petroIeum apirit ; picTopodophylUn, which is easily crystallizable, 
and soluble in 05 per cenl epirit, ether and chloroform, but 
insoluble in milk of lime and ammonia ; a,jii podnphi/Uic acid. 

Gentmn is aaid to require 2,000 parta of cold ether for Solution, 
&nd must thereforo bo looked for in the alcoholic extract. It forms 
pale yellow silky needles, which can be partially aublimed without 
decomposition, requiroa 5,000 parts of cold, 3,S50 of hot water, 
455 of cold and 62-5 of hot abaolute alcohol for Solution, Ferric 

' Comp«« Jabumon, ' Zur Kanntniaa einzelnec cbeiniacbeF Bostondtheils 
der Wijiden,'Bte. Archiv d. Pharm. [3], liü. 110, 1878 (Pharm. Jouro. and 
TranB. [3], viii. 69). Far Lüwe'n paper Bee Zeitachr. f. anal. Chemie, xir. 
£33, 1875 (Juurn. Chem. Soc. xxix. 108). See alao Liebermann and Ham- 
burger, Ber, d. d. chem. Gea. jii. 1178, 1879 (J.mni. Chem. Soc. »xivE, 9«). 

' 8iti-Ber. d. Dorpater XaturforBcher, Ges. 1882, p. 3J3. 

' Compare Podwi«ütiky, Archiv f. Pharm, und exper. Pathologie, 29, 1830 
(Pharm. Joura. andTtaaa. [3], lü. 217, 1011). 
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salts precipitate it reddish-brown from alcoholic solntion. Fnsed 
with potash it decomposes, yielding acetic acid, phloroglucin and 
gentisic acid. The latter is isomeric with protocatechuic acid (§ 42), 
and is coloured deep blue by ferric chloride. An alkaline Solution 
of gentisic acid becomes red on exposure to the air ; when heated 
it yields h3ndroqiiinone, melting at löO"*.^ 

For thujin^ see Rochleder and Kawalier ;2 for ruiin (insolable in 
ether), and roUnin, Zwenger and Dronke ;* for hdeolin, Molden- 
hauer,* Schützenberger, Paraf and Rochleder.* 

§ 153. Jalapin and Allied Substances, — ^To the group of snbstances 
that are soluble in ether, and can be removed by dilate alkali, 
but not by pure water, from the evaporation-residue of the 
ethereal extract, there belong further some glucosidal resins 
(§ 58), of which the jcdapin of Ipomoea orizabensis may be taken 
as a representative. 

Jalapin is readily dissolved by alcohol, and in alcoholic Solution 
is resolved by hydrochloric acid into sugar and jalapinol; the 
latter is soluble in ether, but only sparingly soluble in water. 
The action of aqueous Solution of soda converts jalapin into 
jalapic acid ; the latter, after liberation with a streng acid, is 
soluble in water, but only sparingly soluble in ether. 

Jalapinol appears to occur ready-formed in scammony, and 
possibly in scammony-root also. 

Tamjncin of Tampico-jalap resembles jalapin in most of its pro- 
perties, but differs in composition.^ The same may be said of 

^ Compare Hlasiwetz and Habermann, Annal. der Chem. und Pharm, dxxv. 
62 ; Ber. d. d. chem. Ges. viii. 684 (Joum. Chem. Soc. xxviii. 672>. Tlie 
actual gentian-bitter is not identical with gentisin. The former is easily 
soluble in water, is not thrown down by neutral acetate of lead, but precija- 
tated by ammoniacal acetate and liberated from the precipitate by sulphuretted 
hydrogen. It can be extracted with difficulty by agitation with benzene, bot 
with ease by Chloroform ; ferric chloride does not precipitate it. It is sparingly 
soluble in ether, and is said to dissolve in conc. sulphiiric acid with red colourft- 
tion, and to be decomposed by dilute sulphuric acid with production of sugar. 
(Compare Kromayer, loc. cU. ). 

2 Chem. Centralblatt, 449, 1858. 

3 Ibid. 766, 1862. Annal. d. Chem. und Pharm. Supplement, i. 257 
(Amer. Joum. Pharm, xxxv. 32). 

* Annal. d. Chem. und Pharm, c. 180, 1856. 

'^ Comptes Eendus, lii. 92, 1861 ; Joum. f. prakt. Chemie, xcix. 433, 
1867. 

^ Compare Spirgatis, N. Repert. f. Pharm, xix. 452, 1870 ; Köhler und 
Zwicke, N. Jahrb. f. Pharm, xxxii. 1, 1869 (Pharm. Joum. and Trans. [31 
i. 444). 
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the convolmlin of tme jalap, which ie distingtiished by its insolu- 
bility in ether, and of lurpelhin,^ which is inaolubla in ether, but 
differa in composition from convolvulin. 

AI! theae glucoaidal resins dissolve in conc. Bulphuric acid with 
purple colour. 

§ 154. Estimalion of Sanlonin. — The foUowing method may be 
adopted for the quantitative estimation of santonin (§ 45) in 
worm-seed :' 

15 to 20 gramB of the material arö digested on a water-bath for 
2 houra with 15 to 20 cc. of a 10 per oent. caustic aoda Solution 
diluted with about 200 cc. of water, filtered and waahed. The 
filtrate and washings are concentratcd to 30 or 40 cc, cooled, 
neutralized with hydrochloric acid, and at once filtered. The pre- 
cipitate ia waahed first with 15 to 20 cc. of water, and then with 
an 8 per cent. soda Solution, and any cryatala of eantonin 
that may thus be separated subaequently added to the principal 
portion. The filtrate from the hydrochloric acid precipitate ia 
acidified and shaken with 3 successive portions of 15 to 20 cc. of 
Chloroform. The chloroformic solutiona are washed with water 
and evaporated to drjTiess ; the reaidue is diasolved in the smallest 
possible quantity of aoda, filtered if neceaaary (washing the in- 
soluble portion with a very little water), and acidified with 
hydrochloric acid. After atanding for 2 or 3 daya in a cool 
place the santonin is filtered off, waahed with 10 to 15 cc of 
8 per cent Solution of soda, dried at 110°, and weighed. A cor- 
rection muat be made of 0'002 gram for every 10 cc of mother- 
liquor, and 0-003 gram for every 10 cc. of waahings. 

Santonin can also be extractod by boiling with milk of hme. 
15 to 20 grams of worm-seed are digested vnth 200 cc. of milk of 
lime diluted with 400 cc. of water on the water-bath for 6 houra, 
boiled for half an hour and filtered. The reaidue ia again boiled 
with 10 cc of milk of limo dÜuted with 200 cc. of water, The 
filtered decoctions and waabinga are evaporated to about 30 cc, 
exceaa of hydrochloric acid added, and at once filtered (the preci- 
pitata being treatod with eoda aa before). The filtrate muat 
stand for 5 or ß daya in a cool place, when the santonin may be 
collected and washed ivitb aoda-solutioa. The small amoiint that 

> N. Eepert. f. Pharm, xüi. 97, 1894 (Ämar. Joiim. Pharm, xjtxi. 374). 
' Compare Aiobiv d. Phum. [3], xiU. 300, 1873 {Amer. Juum. Fliamu I. 
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remains dissolved in the mother-liquor and washings maj be 
removed by shaking with Chloroform. 

Santonin is almost insoluble in cold water, but is dissolved by 
ether, alkalies and boiling alcohoL It melts at 169**, tamsyellow 
on exposure to light, produces no colouration when dissolved in 
conc. sulphuric acid, bat colours alcoholic potash transienüy 
carmine. If a Solution of santonin in sulphuric acid is heated to 
150", and a drop of a dilute Solution of ferric chloride snbse- 
quently added, the mixture assumes a red tinge, gradually chang- 
ing to violet. 

§ 155. Picrotoxin, etc. — Amongst other substances to be looked 
for in the ethereal extract the following may be mentioned : 

Picrotoxin, — Soluble in 150 parts of cold, and 25 of boiling 
water, as well as in alcohol, Chloroform, and amylic alcohoL 
From aqueous Solution (§ 55) it may be extracted by the last two 
solvents, and also by ether, but not by benzene.^ It crystallizes 
with facility from water and alcohol in four-sided prisms, reduces 
alkaline copper Solution, and dissolves yellow in conc. sulphuric 
acid. If dry picrotoxin is mixed with 6 parts of nitrate of potash, 
and sufficient conc. sulphuric acid to form a pasty mass, a blick- 
red colour is developed on adding a Solution of soda (1 to 3) in 
excess. The reaction succeeds better if the picrotoxin is moistened 
with nitric acid, dried on the water-bath, mixed with a very 
little sulphuric acid, and then with Solution of soda. 

Digitalin. — ^According to Schmiedeberg,^ this glucoside is in- 
soluble in water and dilute soda, but soluble in warm dilute acetic 
acid. Alcohol, alone or mixed with Chloroform, dissolves it easily, 
but in pure ether or Chloroform it is more sparingly soluble. It 
is a colourless crystalline glucoside, yielding glucose and digita- 
liresin by decomposition with hydrochloric acid in alcoholic Solu- 
tion. It dissolves yellowish green in boiling hydrochloric acid, 
brown in sulphuric acid, the latter Solution becoming violet on 
the addition of bromine water (§ 55). 

Digitoxin accompanies digitalin in f oxglove ; it crystallizes in 
pearly plates and needles, is not very soluble in ether, and 
insoluble in water and benzene. Chloroform and bot alcohol 

^ See also Gaabe, 'Unters über einige Derivate des Picrotoxins.* Dias. 
Dorpat, 1872. 

^ Archiv f. exper. Patholog. und Pharm, iii. 16, 1874 (Pharm. Joum. and 
Trans. [3], v. 741;. 
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dissolve it freely. Boiled with düuta acida in alcoholic aolution, 
it is transformed into toxiresin (aolulile in ether) withont the 
simultaneoua profluction oE sngar. With hydrochloric acid it 
givea a reaction reaembling that of digitalin, but is not coloured 
violet by sulphnric acid and bromine water. Digitalin, digitoxin 
and toxireain are all characterized by very energetio physiological 
action that may be of use in thoir Identification.' 

I take this opportunity of refening to tliree other constituenta 
of foxglove, which, however, are inaoluble in ether. They are 
the following : 

Digitalein. — Thia auhatance agrees in its physiological action 
with digitalin and digitoxin, bnt difi^era from thcm in ite 
aolubihty in water and cold absolute alcohol. It ia sparingly 
Boluble in Chloroform, and ia precipttated from alcoholic aolution 
by the addition of a large quantity of ether. Boiling with dilute 
acida decomposea it into glucose and digitalireain. Snlphuxic acid 
and bromine prodnce the same colouration aa with digitalin. 
Tannic acid and basic acetate of lead precipitate it from aqueous 
Solution {§ 55). 

Bigilmin is, aa already obserred (§ 79), allied to saponin ; it is 
amorphous and aoluble in water, to which it impai-ta the property 
of frothing. Ether precipitates digitonin from alcoholic Solution 
more eaaily than it doea digitalein. Baryta-water, tannic acid, 
and basic acetate of lead precipitate it fi'om its concentrated 
aqueous aolution. Boiling with hydrochloric acid resolvea 
digitonin into glucoae, digitoresin and digitonein, with a gradual 
development of a garnet-red colouration. Conc sulphuiic acid 
colöura it brownish red, which is not changed to reddish violet 
by bromine. 

Digilin ia a resinoua subatance that can be obtained in warty 
crystaJs from alcohohc aolution- It ia insoluble in water, ether, 
benzene and Chloroform, and posaessea no marked physiological 
action. 

For conamyrtin compare Eiban.* 

For erkdin, which is decomposed by hot dilutc aulphuric acid, 
yielding glucose and oricinol, aee Eocbleder aud Schwartz.^ 
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Ericinol is characterized by its odour. (Compare also §§ 66 and 
167.) 

Vanillin (cf. § 167), the aromatic constituent of vanilla, i» 
very sparingly soluble in cold petroleum spirit, but might be 
partially carried into Solution in the presence of fixed or ethereal 
oil ; as a rule, however, it may be found in the ethereal extract 
It is colourless, crystalliue, possesses the pleasant odour of vanilla, 
and is soluble in 183 parts of water (at 18°), in 4*4 parts of 
alcohol (specific gravity 803), and in 6*24 parts of ether. It 
melts at 82", and is soluble in dilute soda ; ferric chloride colour» 
the aqueous Solution dark bluish-violet. Being an aldehyde of 
methylprotocatechuic acid, it combines with acid sulphite» 
(§ 33), and it is upon this property of Vanillin that the foUow- 
ing (Thiemann and Haarmann^s) method of estimation is 
based -?■ 

The ethereal extract of about 30 grams of vanilla is evaporated to 
150 cc, and thoroughly shaken for 10 to 20 minutes with a mix- 
ture of water and saturated aqueous Solution of bisulphite of soda. 
The ethereal Solution is separated and again shaken with 100 cc. 
of the bisulphite mixture. The aqueous Solutions are united and 
washed with pure ether to remove impurities. To every 100 cc. 
there are then gradually added 150 cc. of a mixture of 3 vols. 
of pure sulphuric acid with 5 vols. of water. The sulphurous 
acid evolved is received into Solution of soda, the remainder being 
expelled by passing a current of steam through the liquid. After 
cooling, the vanillin, which has been liberated, is extracted by 
shaking with 3 to 4 successive portions of ether, and can be 
weighed after evaporating the ethereal Solution. 

Ostruthiin, which resembles vanillin in being sparingly soluble 
in petroleum spirit,*^ is not precipitated by that liquid from 
ethereal Solution. It crystallizes in delicate, pale yellow needles, 
melting at 91° ; is insoluble in cold water, sparingly soluble in 
boiling water and benzene, freely in alcohol and in ether. The 
alcoholic Solution possesses a feeble blue fluorescence, which is 
increased by the addition of water. With aqueous alkalies it forms 
strongly fluorescent Solutions, from which carbonic acid precipi- 
tates the ostruthiin unaltered. It gives no characteristic reactions 

^ Zeitschr. f. anal. Chemie, xv. 350, 1875 (Joum. Chem. Soc. xxix. 112). 
^ Compare Gorup-BesaneZ; Annal. d. Chem. und Pharm, clxxxiii. 321, 1876 
(Pharm. Joum. and Trans. [3], vii. 984). 
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with metalKc salts, nor does it yield angelic acid or allied sub- 
stances when acted upon by alkalies. 

Peucedanin^ is allied to, but not identical with, ostruthiin. It 
yields no valerianic or angelic acid, but is decomposed by the 
action of acids into oreoselon and methyl-compounds ; it is, in 
fact, dimethyl-oreoselon. Peucedanin melts at 76", is colourless, 
crystalline, insoluble in cold water, but freely soluble in alcohol 
and ether. 

Oreoselon can be obtained from peucedanin ; it is almost insoluble 
in cold water, but soluble in alcohol, ether and benzene. Bisul- 
phide of carbon, ammonia and dilute alkalies dissolve it only when 
warmed, and the latter Solution reduces alkaline copper-salts. 
The alcoholic Solution is not altered by ferric chloride. A blue 
fluorescent Solution is yielded by conc. sulphuric acid, but not by 
alkalies. Fused with an alkali, it yields acetic acid and resorcin 
<§42). 

Athamanthin.^ — The statement that this substance is divaleryl- 
oreoselon requires further investigation. It crystallizes in colour- 
less needles melting at 79**, is insoluble in water, but dissolves in 
diluted alcohol and in ether. 

LaserjpUin^ forms colourless prisms, melting at 114*, and is 
fiparingly soluble in water and alkalies, but freely in alcohol, ether, 
Chloroform, benzene, and bisulphide of carbon. Conc. sulphuric 
and f uming nitric acid dissolve it with red colouration ; boiling 
with alcoholic potash is said to decompose it into angelic acid and 
laserol. 

Cubebin can also be obtained in colourless crystals, melting at 
120°, difficultly soluble in cold, more easily in warm water, and 
fioluble in 26 parts of ether, 76 of cold and 10 of boiling alcohol. 
It can be removed from aqueous Solution by shaking with benzene 
or Chloroform. Conc. sulphuric acid is coloured red by cubebin. 
Aqueous alkalies do not dissolve it.* (Cf. § 55.) 

Betulm is likewise tolerably freely soluble in ether and boiling 

^ Compare Hlasiwetz und Weidel, Annal d. Chem. und Pharm, clxxiv. 67 ; 
Heut, ibid. clxxvi. 70 (Joum. Chem. Soc. xxviii. 258, 772). 

2 Compare Schnedermann imd Winkler, Annal. d. Chem. und Pharm, li. 
315, 1844 ; Hlasiwetz und Weidel, ibid. clxxiv. 67. 

^ Compare Feldmann, *Ueber das Laserpitin.' Diss. Göttingen. 

^ For an analysis of cubebin compare Schmidt, Jahresb. f. Pharm. 51, 1870 
(Pharm. Joum. and Trans. [3], ii. 270). For cubebin see Weidel, Jahresb. f. 
Pharm. 68, 1877 (Amer. Joum. Pharm. 1. 257). 

10 
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alcohol, but insoluble in water and petroleum spirit. It dissolves 
in conc. sulphuric acid, from which it can be precipitated by 
water. Betulin forms white crystals, which melt at about 200°, 
and are not attacked by aqueous alkalies.^ 

Anacardic acid can be obtained as a white crystalline mass, 
melting at 26", freely soluble in alcohol and ether, and dissolving 
in conc. sulphuric acid with blood-red colouration.^ 

Cardöl is a colourless oil accompanying anacardic acid in the 
cashew nut. It is soluble in alcohol and in ether, but not in 
water, and possesses powerful vesicant properties (not shared by 
anacardic acid). It can be removed from Suspension in water by 
agitation with Chloroform. Contact with dilute potash for a short 
time does not result in the loss of the vesicant property of cardol, 
as is the case when the alkali is concentrated and the action pro- 
longed. The tough mass thus produced becomes red on exposure 
to the air, and gives with basic acetate of lead a precipitate that 
shows the same peculiarity. 

§ 156. Absinthiin, etc. — The following bitter principles are also 
soluble in ether : absinthiin^ (dissolves in conc. sulphuric acid with 
brown colour, passing to violet. See also § 55), adansonin,^ 
alchoi'nin,^ anihemic acid,^ antirinj aristolochia-yelloWj^ arnicin,^ 
asclepiadin^^^ beberic acid,^^ cailcedrin,^^ caryophyllin^^ (coloured blood- 
red by concentrated sulphuric acid, cf. § 55), cascarülin^* 

^ Compare Hausmann, ' Beiträge zur Kenntniss des Betulins/ Göttingen, 
1878. 

2 See Städeler, Annal d. Chem. und Pharm. Ixiii. 137, 1847 (Amer. Joum. 
Pharm, xx. 139). 

^ Compare Kromayer, Archiv d. Pharm, cviii. 129, 1868. 

* Compare Walz, Jahrb. f. prakt. Pharm, xxiv. 100, 242 ; xxvii. 1 ; 
Wittstein, Viertel jahressch. f. prakt. Pharm, iv. 41. 

5 Compare Frenzel, Archiv d. Pharm, xxiii. 173, 1829 ; Biltz, ibid. xii. 46» 
1826. 

« Compare Jahresb. f. Pharm. 51, 1867 ; 46, 1871. 

■^ Compare Walz, Jahrb. f. prakt. Pharm, xxvii. 74, 129 (Amer. Joum. 
Pharm, xxxv. 295). 

8 Compare Frickinger, Repert. f. Pharm. [3], vii. 12. 

» Compare Walz, N. Jahrb. f. Pharm, xiii. 175 ; xiv. 79 ; xv. 329, 1860» 
1861 (Amer. Journ. Pharm, xxxiii. 451). 

^® Compare List, Annal. d. Chem. und Pharm. Ixix. 125, 1849. 

^1 Compare Maclagan, Annal. d. Chem. und Pharm, xlviii. 106, 1843 ; Iv. 
105, 1845 (Amer. Joum. Pharm, xix. 113). 

^2 Compare Caventou, N. Jahrb. f. Pharm, xvi. 335, 1861. 

13 Compare Bonastre, Jahrb. f. Pharm, xi. 103 ; and Jahn, Annal. d. Chem. 
und Pharm, xix. 333, 1837. 

^* Compare Trommsdorf, N. Journ. f. Pharm, xxvi. 2, 142 ; and Duval, 
N. Jahrb. f. Pharm, viii. 95, 1857. 
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(the sflme), chimapkiUn,'^ cMmt'm^ an<J. oplielk add, dculin,^ 
columhin.* 

Cotmn^ crystallizes m quadratic prisms, ia sparingly soluble in 
cold water, freely in alcohol, ether and Chloroform. It melta at 
130°. Ferne chloride coloiirs the alcohoHc Solution dark brown. 
Wanning with nitric acid colours cotoin blood-red, paracolom 
brown. The latter melta at 152° (uncorrected). A description of 
leucotin, oxyleucotin and hydrocotoin will be found in the re- 
aearches on cotoin and paracotoin above referred to. 

EiaUrin'^ ia aparingly soluble in ether, and is coloured yellow 
by conc. sulphuric acid. 1 to 2 drops of carbolic acid produce a 
red tinge, which changes to crimson on the addition of the aame 
quantity of conc. sulphuric acid (See also § 55.) 

I may mention further, ei'ylhTOcentaurin,'' mipalorln,^ gvaein,^ 
liop-bitler}" (To isolate the hop-bitter laleib exhausta hops with 
cold water, absorbs the bitter principle with charcoal, extracta it 
from the same with 90 per cent. alcohol, distila, and, after 
aeparating the reain, ahakea the resiilting liquid with ether. He 
confinns the Statement that hop-bitter is not a glucoside, but, on 
boiling with dilute acida, combines with a moleculo of water 
yielding sparingly soluble lupuliretin. Part of the hop-reain may 
be removed from aqueoua aolution by shaking with petrolemn 

' Compure Fairbnnk, Vierteljahresachr. t. prakt. Pharm, ii. 5S2, 1860 
(Amer. Joum. Pharm. :ixiii. 256). 

'Comparo Kemp, Phann. Jonra. and Trans. [3], 1, 251," 1870; Hühn, 
Arohiv d. Phann. oluxiix. 229, 1869. 

■ Compare Wikszamslii, ' Ein Beitr. z, Kenntnisa der giftigen Wirkung d. 
W»a«erachierling.' Di™. Dtirpat, 1S75, and .Tahresb. f. Pharm. 493, 1S76. 

' Compare Boedecker, Annal. d. Chem, und Pharm. Ixix. 37, tS49 (Amer. 
Joum. Pharm, xi. 324). 

' Com[>are Hesse, und Ji>brt. Neues Repert. f. Pharm, xxv. 23, 1878 ; Ber. 
d. d. Cham. Gea. x. 149, 1877 ! Annal. d. Chem. und Pharm, cxoii. 17, 1879 
(Pharm. Joum. Tmus. [3], vi. 764 ; vii. 495, 1019 ; x. Bai, 641). 

■ Compare Zwenger, Anna!, d. Chem. und Pharm sliii. 359, 1842 ; Walz, 
N. Jahrb. f. Pharm, xi. 21, 173, 1859 ; Köhler, N. Repert. f. Pharm. ivüL 
677, 1809. 

' CoDipore Mähu, Jahresb. f. Pharm. 70, 1866 ; 92, 1S70 ; 56, 1371 (Amer. 
Jouni. Pharm, xxxviil. 303). 

' Compare Eigbini, Journ. f. Pharm, siv. S23. 

'Compare Pettenkofer, Repert. f. Pharm. Ixxxvi. 311 ; Faui^, Jahrb. f. 
Pharm, xxii. 291. 

'" CompaTe Lermer, VierteljabieBachr. f. prakt. Pharm, xii. 504, 1863; 
Biuell. Amer. Joum. Pharm, ilix, 632, 1877 ; Grieumajer, Ber. d. d. Chem. 
Gwi. Ii. 292, 1S78 (Joom. Chem. Soc. xxxiv. 449) ; laleib, Archiv d. Phann. 
[a],xvi. 345. J880 (Joum. Chem. Siic.xl, 101); Ceoh, Zeitrehr. f.nnal. Chem. 
XX. 180, 1SSI (Joum. Chem. Siic. x].04U). 

10—2 
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spirit Griessmayer has availed himself of this property of hop- 
resin in the examination of beer. Cl § 55.) Other bitter prin- 
ciples are hurin,^ jervasic acid,'^ juniperin^^ liriodendrin,^ lycopm^^ 
marrvUn,^ mangodini' fnasopin^ and meconiru^ The last-named is 
soluble in bot water, and can be extracted from^aqueous Solution 
after acidification with sulphmic acid, by shaking with benzene, 
Chloroform, or amylic alcohoL With benzene it can be obtained 
fairly pure, and can be detected by conc. sulphuric acid, in which 
it dissolves without at first producing any colouration ; but the 
Solution gradually assumes a greenish, and in the course of twenty- 
f OUT hours a reddish tinge. K the liquid is then warmed, the colour 
changes to emerald-green, blue and violet, and becomes finally red. 

Meconin is accompanied in opium by meconic acid, which is 
sparingly soluble in water and ether, but more easily in alcohoL 
Boiling with water or dilute acids decomposes meconic acid ; with 
f erric chloride it strikes a blood-red colour, which is not discharged 
by a little hydrochloric aci or chloride of gold. It can be 
removed from aqueous Solution by shaking with amylic alcohoL 
Meconate of calcium is soluble, but the magnesium salt only 
sparingly so. Chelidonic acid from Chelidonium majus is sparingly 
soluble both in cold water and in alcohoL^® 

There may be further mentioned here, methysticin'^^ (which is 
slightly soluble in cold ether and dissolves in pure conc. sulphuric 
acid with fine reddish-violet, in commercial with blood-red coloura- 
tion), kawa:iny^^ narthedn,^^ nucin^^ (coloured purple by alkalies), 

^ Compare Boussingault and Rivero, Annal. de Chim. et de Phys. xxviii. 430 
(Amer. Joum. Pharm, ii. 346). 

2 Compare Weppen, Jahresb. f. Pharm. 31, 1872 (Joum. Chem. Soc. xxvi. 
906). 

* Compare Steer, Wiener Acad. Anz. B. xxi. 383. 

** Compare Emmet, Repert. f. Pharm. Ixxv. 88 (Amer. Joum. Pharm, iii. 5). 
^ Compare Geiger, Repert. f. Pharm, xv. 11. 

* Compare Kromayer, Archiv d. Pharm, cviii. 257, 1862. 

7 Compare W. Schmidt, Annal. d. Chem. und Pharm, xciii. 83, 1854 (Amer. 
Journ. Pharm, xxvii. 331). 

8 Compare Genth, Annal. d. Chem. und Pharm, xlvi. 126, 1843. 

» Compare Pelletier, Anral. d. Chem. und Pharm. Ixxxvi. 190, 1863, and 
Anderson, xcviii. 44, 1856. See also my * Ermittel, d. Gifte,' 2nd ed., 238. 

10 See Lerch, Chem. Centralblatt, 449, 1846. 

11 Compare Nölting and Kopp, Monit. scientif. [3], iv. 920, 1874 (Pharm. 
Joum. Trans. [3], vii. 149). 

" Ibid. 

18 Compare Walz, N. Jahrb. f. Pharm, xiv. 345, 1861. 

^^ Compkie Vogel and Reinschauer, N. Repert. f. Pharm, v. 106 (1856) ; 
viL 1 (1858). 
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ptwmlagiri^ (coloured cheny-red by amall quantitiea of alkalies), 
^lygcmic add,^ quassin^ (whicli ia soluble in water, can be removed 
by ahaking with benzene or Chloroform. See also § Ö5), rotllerin* 
sicopirin,'^ tanaceiin," iangUnin,'' laraxaän^ xyloslein,^ xanlhosderolin, 
or tderoxanlhtK.^" 

§ 167. Liehen Acids and allied Svbstances. — Amongst the consti- 
tuents of plants that are Boluble in ether a number occurring in 
lichens may finally be mentioned hera. Somo of tbem posseas 
the charactera of acida, as, for instance : 

Roccellic acid, wbicb is itself insoluble in water, but forms solnhle 
alkaline aalts. It can be detected in tbe gonidia by alkanna.^' 

Others are charaoterized by yielding beautifuUy coloured com- 
poimda when acted upon by alkalies, ferric cliloride or chlorinated 
lime, properties that would indicate aome relation to orcin and 
allied bodies. Othera, again, poasesa the chemical eharacters of 
ethereal aalts, being reaolved by alkaliea into stronger acida and 
alcohola. To the former group belong the following : 

Lecanoric acid (diorsellic acid), which is coloured deep red by 
chlorinated lime {avoiding an excess), and ia decomposed at 153° 
into orcin and carbonic acid,'* 

Orsellk acid, which undergoes a similar decomposition at 176°, 

' Compare Dulong, Jahrb. f. Phiicm, xjv. ilil. 

' Oompare Kadern aolter. 

' Oomparo Wiggars, Annal. d. Chem. und Pharm, xxi. «, 1837; Oold- 
Bohmidt und Weidel, Ber. d. Wiener Akad. Isxiv. 389, 1877 (Journ, Cheai, 
See. xixiv. 80). See also roy ' Ermittelung d. Gifte,' End ed., 800 et, stq. ; 
vaA Jahreab. f. Pharm. 619, 1878. Also Christensen, Arohiv d. Pharm, xvii, 
4SI, 1882. 

* Ciimpare Anderson, Chem. Centralblatt, 372, 1855 {Amer. Journ. Phami. 
Juutü. 325} ; GrovBB, Jährest, f. Pharm. 161, 1S73 (Pharm. Joum. Trans. [3], 
iÜ. 228). 

" Compare Peokolt. Zeitsehr. d. Oesterr. Äpotheker-Ver. 289, 1876 (Phann. 
Jaanx. Traos. [3], vii. 60). 

' Compare liroy, Joum. de Chim. med. kkL 357 ; Leppig, ' Cham, Untara, 
d. Tauacetum vulgare,' Dfaa Dorpat, 1889. 

' Coropara Henry, Joum. de Pharm, x. 62 (Amer. Jonrn. Pharm, viil. lOS). 

' Compare Kromajer, 'llie Bitterstoffe,' S7 ; and Polei, Archiv d. Phann. 
xa. fiO, 1840. 

• Compare HLÜHchmann, Pharm. Tierteljahrasschr. t. 197 ; and Eoz, iWd. 
ISS, 18Ge. 

'" Compare Dragendorff and PodwissotzkI, he. dt. 

" Compare Schnnck, Annal. d. Cham, und Pharm. IxL 66, 78 ; also Hesaa, 
raivU. 332, 18Ö1 (Joum. Cbem. Soc. iü. 153). 

" Sohimcfc, Annal. d. Cham, und Pharm. lU. 157, 1812 (Journ. Chem. Soo. 
I. 71) ; liv. 261, 18« ; UL 64, 1847 ; Stenhouae, ibid. btviii. 67, 1848 ; eixv, 
3G8, 1863 (Joam. Chem. Soc. xx. 221) ; Hesse, oxxxiic. 22, 1866. 
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and with alkaline Solutions 
point.i Both tliia and the . 



temperature as low as the boiling- 
g acid form aolts of ethyl iThen 
boiled with alcohoL 

GifTOphoi-k acid, which is sparingly soluble in ether, yielda orcin 
on decompoBition with alkali, and turns red on exposure to am- 
moniacal air.' 

Parellk acid, which is only alowly coloured under the aame 
conditions.^ 

CeratophylUn, which strikes a violet colour with feirio chloride 
and blood-röd with chlorinated lime.* 

Pcdellaric acid, whieh, in alkaline Solution, tamH red when ex- 
posed to the air. Ferric chloride coloura it blite; chlorinated 
lime, blood-red.* 

Evernic acid yields orcin by dry distillation, is coloiired dark- 
red by ammoniacal air, but only yellow by chlorinated lime.' 

Eveminic acid (oxynsnetinic acid 1) ia also coloured yoUow by 
chlorinated lime, but does not chaiige when exposed to ammoida- 
cai air. 

Usnic add behaves in a aimilar manner, but an alkaline Solution 
tunis red on exposure to air, and the aeid itaelf yields betaowin 
by dry distillation.^ 

Carbusnic acid^ (is spaiingly soluble in ether) gives no colour 
reactions. 

Vvlpinic acid (chryaopicrin), which is more easiiy soluble in 
bisulphide of carboa and Chloroform than in ether, ia ohtainable 
in yellow crystals and forms yellow aalta with alkalies. Boüing 
with baryta-water resolvea it into alphatoluic acid, oxalie acid, 
and methyl-alcohoL* It may therefore be placed in the group of 

' Sobunck, Aonal. d. Chein. und Pharm, uli. 157, 18*2 {Joum. Chein. Soo. 
[. 71) 1 liv. aei, Ia4fi ; Ul. ei, 18*7 ; Stenhouae, ibid. Uviii. B7, 1818 ; cnv. 
363, 18G3 (Journ. Chem. Soc ss. 221) ; Hesee, cxxxix. 22, 1806. 

" Compare Steohouge, ibid. Ixx. 218, 1849. 

^ Conipace Schunolt, ibid. liv. 27J, 1846 ; Strecker, Ixviii. 114, 1818. 

* Compare Hesse, ibid. cxix. 36S, 1861. 

' Conipare Weigelt, Juum. f. prakt. Chem. cvi. 28, 1809. 

• Compare Stenhuuae, ibid. Ixviii. 88, 1848 ; Hesse, ibid. xlvü. 297, 1881. 

' Compare Kn.ip, Annal. d. Chem. und Pharm. lUx, 103, 1843 ; Roohleder 
am] Held, ibid. xlvüi. 1, 1843 ; Stenhoiwe, ibid. Ixvüi. B7, 114. Koop and ' 
Schnedermaim, Jonin. £. prakt, Cheni. xiXTÜ. 363, 1843 ; Hesse, AnuaL d. 
Chem. und Pharm, cxtü. 343, 1861. 

1 See Hesse, ibid. cxxxvü. 241, 1866 ; Ber. d. d. chem. Ges. x. 1324, 1877 
(Journ. Ohem. Soc. xxxii. 6Sß). 

" Stein, Chem. Centnilblatt, &56, 1864 ; 432, 1865. S«e also Spiegel, Bar, 
iL d. ohem. Gea. xüi. 1620, 1880. 
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etliercal salts provioualy mentionecl. The samc is the casc with 
erythric acid (sparingly soluble in ether), which is regarded as 
diorsellinate of erythrite,^ picroeri/lhrin {oraellinate of erythrite), 
and helaenjlkric acid^ (oraellinate o£ betapicroerythrin). 

For pia-diehemn compare Alms, Stenhoiise, and Groi-es ;* for 
cetraric and Ikhenostearic acid, Schnedermann and Knop ;* for 
varioliftin, Eobiquot;* slklic acid, Sclinedennann and Knop;* 
lobaric acid, Knop;^ atranOrk acid (hydrocarho-uBnic acidJ), 
zeorin, sordidin, Patemo;* calyän, Hesse." 

Microseopical examination shows that the majority of these 
aeids adhere in the form of minute granules to the esterior of the 
hyphffi, in heteromerous lichens almoat exclusively in the cortical 
portion of the Upper surface, or, in old specimena, on the margin 
of the thalhia (Physicia parietina).'" 

To test for a lichen-acid yielding orcin as a product of decom- 
position, the substance under examination, or part of the lieben 
itseif, may be heated with dÜuto potash, Chloroform addad, and 
the warming continued for some time in tlie water-bath. If such 
an acid ia preaent, homofluorescin will be produced, and the 
Bolution will appear reddish-yellow by transmitted, and show a 
fioe yellowish-green üuorescence by reflected light Usnic acid is 
Said not to give tliia reaction, which is yielded by lecanoric, 
erythric and evemie acid (by the laet-named after continued 
boiling with milk of lime). 

Erythric and hcanoiic acid are extracted from the liehen by 
digestion with ammonia, and are precipitated by acetic acid. On 
warming, erythric acid passes into Bolution, whilet lecanoric acid 
rcmains undisaolved. 

1 Compare Heeren, Schweiz. Joum. lix. 313 ; also Schunck, Stenhouae, 
Strecker, HeBee, already quoted. 

'' See MenBcbutkin, Ballet, de la Soc. chim. [2], iL 424, 1364. Lamparter, 
Annal. d. Cbem. und Pharm, oxxxiv. 343, TSes. 

' Arnml. d. Chem. und Pharm, i. 61, 1833 (Amec, Journ. Pharm, i vi, 262); 
ibid. «lixxv. 11, 1877 (Proo, Hey. Soc. Ix. 6B]. 

* AnniJ. d. ehem. und Pharm. Iv. 144, 159. 1845. 
' AnnaL de chim. et de Phve, ilii. 238. 

' Jshraab. f. Pharm. 76, 1845. 

' Chem. Oentralblatt, 173, 1872 (Journ. Chem. Soc. «y. 630). 

" Ber. d. d. ehem. Ges. x. 1100 and 13S2, 1S77 (Joum. Chem. Soc xizL 

• Ber. d. d. cham. Gas. xiil. 1816. 1880 (Pharm. Joum. Trana. [3], ä. 471). 
" Compare Schwartz in Cohn'a ' Beitrage zur Biologie d. Pflanxen,' iii. 

Part 11. and Archiv d. Pharm. [3], xix. 124. 1881. 
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Usnic acid, whith occurs in yellow crystals, yields a colourless 
ammonium salt. 

§108. OrcinandBelaorcin. EsiimaiionofOrdn. — Orcin and beta- 
orcin, whieh have already been mentioned os producta of the 
decomposition of certain constituents of lichens, and wliich some- 
timea occur ready fonned in planta, can be obtained in colourless 
acicular crystals soliible in water, alcohol, and ether. Expoaure 
tö light coloura them reddish; alkalies, chlorinatedlimeandferric 
Chloride, violet. By the action of ammonia and air orcin yields a 
blue colouring matter, whilat, under the same conditions, beta- 
orcin gradually tnms red. Orcin melta at 58°, betaorcin at a. 
temperature above 109°. 

Eeymann cstimates orcin in lichens by titrating with bromine- 
water,' by which monobroraorcin is first produced and subae- 
quontly converted into tribromorcin. To the Solution of orcin 
in a stoppered botüe titrated bromine-water ia added tili tho 
precipitate has assumed a yellowish colour and excesa of bromine 
is present, which is then estimated by iodido of potasaium and 
hj^osulphite of aoda. The amount of orcin present ia calculated 
froni the eqiiations : 

CjHsOa+Brg = HBr+CjHjBrOj 
and 

CjHjBrOä+ 2Br2 - 2HBr+C;H^Br30^ 

TANNIC ACIDS. 

§ 159. ConslUutioTi. — In estimating tannic acids an error has 
generally beon committed in overlooking too completely the 
chemical differences existing between the various substances that 
have received thia name. It has usuallybaenconsidercd sufficient 
to determine quantitatively the value of a reagent in terms of 
gallotannic acid, the tannin moat eaaily procurable, anil to apply 
the results thua obtainod to the eatimation of other tannins. 
Thia would be admiaäble under the assumption that all tannins 
pOBsesaed approximately identical equivalent weighta and pro- 
duced nearly identical chemical effecta. But it haa already been 
shown in g 52 that auch is not the case, It will bo aufficient 
here to repeat that tannins exist which do not allow of com- 
pariaons with one another, even with regard to their cojisiUviion. 
At present many tannic acida may be assumed to be glncmdes, 
Ber. d. d. ehem. Gea. vüi. 790, 1S75 (Journ. Cbem. Soo. iivü. 1293). 
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Splitting up uDder tha influence of diltite acids into glueose and 
Eome second aubetance, but of a aumber it muat be denied tbat 
they pOBsesa any such glucosidal characters. 

g 160. Glucosidal nature. — In enumerating the chaiacters of a 
newly-discovered tannic acid, it ia, therefore, important to State 
whether it haa been found to be a glvcoside or not (g 61). The 
examination may be made by heating weighed quantities of the 
taimin with 1 to 3 per cent aqueoua hydrocbloric acid in aealed 
tubes to 100° for several hours, allowing them to stand for some 
time after being opened, in order to observe whether aoy spar- 
ingly soluble decompositioo-product separates out in the cold. If 
this is the case, the substance may be filtered off, but at the same 
time it is advisable to ascertaln whether any portion that may 
remain in Solution cannot be removed by shaldng with etber, 
aoetic ether or Chloroform. After warmlng to expel dissolved 
traces of thoae liqüids, the solutioa may be examin ed for glueose 
(^ 61, 83, el seq. ; 200, et seq.). 

The decompositioE-products thai are thus obtained, together 
with glueose, are sometimea crijslulUne, as, for instance, gallic 
acid, from the tannin of galls, aumach, myrobalans, divi-divi 
(cf. § 151), and the yellow ellagic acid from the tannic acid 
of the pomegranate and bablah fruits. But they are generally 
amorphous, difficultiy solublo in pure or acidified water and in 
oure ether; soluble in water containing ammonia, and freely 
Joluble in spirit ; they are, aa a mle, deep in colour, and agrea in 
i\ casential propertiea with the pMohaphenes mentioned in g§ 48 
aad 108. Some are ao sparingly soluble that they may be of use 
ii the quantitative estimation of the respective tannins, This 
iseapecially the case if, after tbe action of the acid, the liquid is 
eftporated to drynesa and treated with water, wheo tbey often 
renain behind almoat entirely insoluble. 

iuhstances of this description are yielded by the decompoaitioa 
of he tannic acid of oak, wülow, elm, fir, birch, and acacia-bark, 
aa rell a.s by that from rhubarb, male-fern, ledum, wine, and by 
maty othera. Chemically the jihlobaphenfs approacb many resina, 
witl wfiich they share the solubüity in alcohol and aügbt aolubility 
in mter, differing from them in their aolubility in dilute ammonia, 
but -eaembling them again in the subatances they yield when 
fuaecwith an alkali. {Cf § 4ü.) Lignin and auberin also appear 
to b(wonneet«d with the phlobaphenes. 
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Tho phlobapheneB mentioned in § 48 raay, as atated, have been 
produced from taunins during manipulation, whilst those in § 108 
ivill probably havo existed ready-formed in the material under 
exaiuination. 

Eut, although phlobaphenes are insoluble in pure water, they 
are diaaolved by Solutions of tannic acid, sugar, and other sub- 
staccea, and small quantities may therefore bave been extracted 
by water. 

g 161. Proneness lo DecomposilioTu — Tbo determinatlon of the 
glucosidal or non-glnooaidal nature of a tannin is sometimea a 
matter of conaiderable difEcuIty, becauae, on tbe one band, it ia 
not always easily separatad from any glucoae with which it may 
be contanunated, and, on the otber band, many tannins readily 
decompose, yielding bodies reaembling their mother-substances in 
poasesaing a similar action on hide, gelatine, etc. A decompoai- 
tion of tbia kind is obaervable with gallotannic acid, which, 
especially on prolonged heating in aqueoiia Solution, apparently 
uadergoea disaociation into a polygallic acid and sugar. Some 
tannina, too, from barks, etc., appear to becapableof partingwith 
a portion of their glucoae without completely loaing their action od 
gelatine, etc., which, however, rapidly diminiahea, even at the 
ordinary temperature, on allowing the aqueoua Solution to stand 
It is not surpriaing, therefore, that very vaiying Statements are 
met with as to the glucosidal nature of a tannin, and eapecially 
the amount of glucoae certain membera of the claas can be ma,äe 
to yield. And yet it ia moat important to determine whether 
glucoae can be obtained from a tannic acid or not The prodic- 
tion of a spajingly soluble and posaibly cryatalline body from an 
eaaily aolnble amorphoua tannin by the action ot hydrochloric or 
sulphuric acid (g 160) is insufBcient proof of ita glucoaidal natire, 
aincB non-glucoaidal tannina undergo a aimUar decompoaition. 

Aa a Tule the action of diltite acids on a tannin reaults in the 
formation, apart from glucoae, of a aingle decomposition-proiuct 
belonging to the aromatic aei-ies (galhc acid, ellagic acid, phoba- 
phenes, etc.), but the researches on the tannic acida o) the 
Nymphacßie recently carried out in my laboratory by Grining 
prove that two or more decompoaitiou-products can bo obbined 
from one tannin. From Nymphiea alba and Nuphar hteum 
non-glucoaidal tannic acida wore isolatcd, undergoing no iirther 
Separation by fractional precipitation with lead, and yiilding, 
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whea warmed with a dilute acid, gallic and ellagic acids together 
with a phlobaphene.'^ 

§ 162. Purijkation. — The eaae with which tanoiiis decompose 
renders their preparation in the State of purity desirable for 
accurate inveatigation a matter of considerable difficulty, and we 
may confidently assert that this has not been attained with the 
majority of the snbstancea belonging to thia class that have 
hithorto been described. 

In preparing pure tannins tho following hints may be useful, 
in addition to thoae given in ^ 49 to 31 and 60 : 

1. If a taunic acid is to be aeparated from the alcoholic extraet 
it ia very adviaable, aft«r evaporating, to mix at once with a con- 
aiderable quantity of water. Alcohol diasolves phlobaphenea and 
reainous aubstances, together with tannie acid, and atrong aqueous 
aolutiona of tho lattcr are known to be capablo of taking up thö 
former, even if otherwiae insoluble in water {§ 160), 

2. In precipitating the aqueoua filtrate with acetate of lead, it 
is Bijviaable to add the reagent in succeasive portions, rejectiag 
the firat {generally more deeply eoloured) and last precipitatea, aa 
they are usually contaminated with foreign substaacea to k con- 
siderable extent. 

3. The load precipitatea ahould be washed and treated with 
sulphnretted hydrogen as rapidly aa poasible, to avoid decomposi- 
tion of the tannate of lead. 

4. The filti'ate from the sulphide of lead should be evaporated, 
if poBsible, in a partial vacuum, aod only to the consistenee of a 
tbin syrup. The remainder of the water may be evaporated over 
eulphuric acid and Urne at the ordinary temperatuie, the Opera- 
tion being completed in vacuo. 

It will frequently be found advaotageoua to shaka the filtrato, 
before evaporating, with ether or acetic etber, whioh wonld 
removo any galüc acid that might be present 

Many tannina may be purified by diaaolving in water, adding 
chloride of sodium, and romoving the tannie acid by shaking 
with acetio ether or a aimilar aolvent. This method has been 
succesafuUy uaed by Loewe for sumach-taanic acid and aome 
othera,^ and by liaabe for rhatania-tannic acid.^ It ahould be 

' Beiträge lur Chcmis derNymphftCeen, Diaa. Dorpat, IBSl. 
' Zellsobr. f . aiiftl. Chem. liL 128 ; iW. 35, 44iJourQ. Chcm. Soo.uvü. 171; 
«viii. 75). 
■ Pbaiin. Zaitacbr. f. Guuluid, 577, 1S80. 
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observed that gallic acid must be removed by shaking with ether 
before chloride of sodium is added, and that certain tannins are 
partially precipitated by saturating their aqueous Solutions with 
Salt ; some also can be precipitated from their aqueous Solutions 
by sulphuiic or other mineral acid, but this method seldom yields 
them in a sufficient State of purity for our purpose. 

§ 163. Tannins insoluUe in JVater, — The tannic acids of alder^ 
and hop,2 together with some others, are stated to be insoluble in 
water after isolation. In some instances the tannin may possibly 
have been partially decomposed during the process of isolation 
(§§ 48, 161). In any case in which tannins sparingly soluble in 
water are anticipated, the lead precipitate should be decomposed 
in the presence of spirit. 

There are also a number of bodies which resemble one or other 
of the tannins in certain of their properties (as, for instance, in 
being precipitated by acetate of lead), but are insoluble in cold 
water. Pseniofluorescin might be placed in this class.^ 

§ 164. Itnot unfrequently occurs that a Single plant contains 
two or more tannins : for example, in addition to their own pecu- 
liar tannins, both oak and willow bark contain a little gallotannic 
acid f myrobalans and divi-divi contain gallotannic and ellago- 
tannic acid.^ If the presence of more than one tannin is antici- 
pated, the method of fractional precipitation should be tried, or, 
if that is unsuccessful, the examination of the products obtained 
by warming with acids may afford the information required, as 
was the case in the investigation of oak and willow bark ; gallic 
acid can be removed by shaking with ether, whereas oak-red 
cannot. 

§ 165. Notes on some of the moi'e important Tannins. — In the 
following notes those tannins will be mentioned first that are not 
glucosides, and yield principally pyrocatechin (§ 43) by destructive 
distillation. 

Catechu-tannic acid is probably produced from catechin (catechuic 
acid) by loss of the elements of water. ^ In estimating catechu- 

^ Compare Heichardt, Chem. Centralblatt, N. F. i. 12. 
^ See Etti, Polyt. Journ. cclxxxviii. 354, 1878 (Joum. Chem. Soc. xxxiv. 
797) ; Bisseil, Amer. Journ. Pharm. [4], xlix. 582, 1877. 
8 §§44 and 147. 

* Compare Johanson, loc. cit. 

8 Compare Loewe, Zeitschr. f. anal. Chem. xiv. 35, 44, 1875. 

• Compare Etti, Annal. d. Chem. und Pharm, clxxxvi. 327, 1878 ; Zeitschr. 
f. anal. Chem. xii. 285, 1873 ; xiü. 113, 1874 ; Joum. f. prakt. Chem. cv. 32. 
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tannic acid good resiJts can be obtained by uaing a 1 per cent. 
Solution of gelatine in saturated Solution of chloride of aramonium 
as iiidicated in § 52, xii. ; chloride of ammonium should be addod 
to the tannin Solution also.^ Lehmann has shown that the liquid 
may be diluted within certain limits without affccting the result 
to any notable extent, and that it ia advisable to promote the 
Bubaidence of the precipitate by adding powdered glass and 
vigoroualy stirring. He determines the end of the experiment by 
removing adrop with a filtoring tube and testing it with Solution 
of gelatino on a watch-glasa with dark background. The tannin 
Solution should be mixed with an equal voIume of saturated chlo- 
ride of ammonium Solution. Each cc. of the reagent indicates 
. 0'0139 gram catechu-tannic acid. No other constituents of 
catechu are precipitated by gelatine. 

Calechuic acid (§ 151), which is eaaily converted into catechu- 
tannic acid, should not be neglected in determining the value of 
a catechu. Lehmann cndeavoured to estimate it frora the differ- 
ence in the amount of permanganate of potassium required (cf. 
§ 52, vü.) before and after precipitation with gelatine (by 
whicb catecliu-tannic acid alono ia rcmoved). The results he 
obtained wcre, however, somgwhat too high, since an Infusion of 
catechu containa other aubstances besiJea catechnic and catechu- 
tannic acids that act upon permanganate of potasaium. A more 
succosaful proceas consisted in romoving the catechnic acid by 
shaking with ether, as directed in § 151, and tben titrating it 
with permanganate of potassium, rockoning 4-84 parts of catechnic 
acid for every 16 parte of oxygen consumed. 

Rhalania-iannic acid, like the two preceding substances, yields 
phloroglucin and protocatechuic acid when fuaed with potaah.^ 
For thia tannin also Günther recommenda the eatimation with 
Solution of gelatine, caiculating 0'01302 to 0-01323 gram rhata- 
niatannic acid for every cc. of gelatine Solution. The lead pre- 
tipitate, which is tolerably atable but not quite inaoluble in water, 
containa, according to Güntlier, 31 -26 per cenL of oxide of lead. 

' Lehmann, ' Vergl. Untere, emigac Catechu und Gambier-Proben,' Dias. 
Dorpat, i\, 1880 ; Pharm. Zeiteohr. t. Enssland, No. 19, 18S1. 

' Compare Baabe, loc. eit. Kaaba coutssts the glucosidal character of 
rhataniB-tannia acid, and is vi opinian that it ainipl; loaea water when converted 
into rhatania-red. See also Cham. Centralblatt, xii. 167, 1S67 ; Annal. d. 
Chum. und Pharm, ciliii. 274, ]Sa7, in which Gruhuwaki, like Wittatein, still 
nialntains the prodootlon of glucoae in the deaompoBitiDiu 



158 TANNINS. 

Eaabe found 33*4 per cent. of oxide of lead in the lead-salt, and 
16*64 of oxide of copper in the copper-salt.^ 

Morintannic acid, which occurs together with morin and madurin 
in fustic, also yields phloroglucin and protocatechuic acid hy 
fusion with potash. Boiling water extracts morin from the 
wood in the form of a calcium-compound, which is sparingly 
solnble in cold water, and is deposited, therefore, from the de- 
coction on cooling. Alcohol acidified with sulphuric acid decom- 
poses the Compound, dissolving the morin ; the latter crystallizes 
from alcoholic Solution in yellow needles, which are sparingly 
soluble in cold, but more freely in boiling water. With acetate 
of lead the boiling alcoholic Solution gives an orange-red precipitate 
containing 58*4 per cent of oxide of lead. 

According to Loewe, an aqueous Solution jdelds both morin- 
tannic acid and maclurin to acetic ether. By dissolving the 
evaporation-residue in cold water and adding chloride of sodium 
an amorphous precipitate of the former is obtained, whilst the 
latter crystallizes out on standing. Maclurin is insoluble in a 
mixture of equal volumes of water and saturated Solution of salt, 
whereas morintannic acid is dissolved. Morintannate of lead 
contains 64*23 per cent of oxide of lead. No accurate method 
of estimation is known. 

The doubt that has recently been thrown upon the glucosidal 
nature of rhatania-tannic acid renders it very desirable that kino-, 
tormentil- and bistort-tannic acids should be examined afresh.^ 
These tannins yield similar products when fused with potash. 
Kino-tannic acid is characterized by the disposition its alcoholic 
Solution shows to gelatinize. According to Günther both kino- 
and tormentil-tannic acids can be estimated by gelatine-solution 
(see above, and also § 52, xii.), 1 cc. of which indicates 0*013() 
gram kino, and 0168 gram tormentil-tannic acid. 

For ellagchtannic acid see below. 

The tannin of the horse-chestnut,^ which is likewise non-glucosidal, 

1 Possibly there is another copper-salt containing 22 to 23 per cent. CuO ; 
that would, at least, appear probable from some experiments of Günther. 

2 For the tannin of kino see Eisfeldt, Annal. d. Chem. und Pharm. xciL 
101, 1854 ; for its crystalline decomposition-product, kinoin, see Etti, Ber. d. 
d. chem. Ges. xi. 1879 (Joum. Chem. Soc. xxxvi. 159). Tormentil-tannic 
acid is discussed by Kembold, Annal. d. Chem. und Pharm, cxlv. 5, 1868 
(Amer. Joum. Pharm, xl. 311). 

^ Compare Chem. Centralblatt, x. 318 ; xii. 513. 
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is pai'tially precipitated from aqueous Solution by chloride of 
sodium, and by acid aulpliite of potassium. The aqueous or 
alcoholic Solution turns dark cherry-red when warmed with 
hyJrochloric or aalphmic acid, and deposits red flocks ; bichromate 
ot potassium proJuces a dark colouration and brown precipitate ; 
with ferne chloride it atrikes a green, or, if the Solution is am- 
moniacal, a violet colour ; it is not precipitated by tartar emetic. 
No method is known by which it can be aceurately estimated. 

Amongst the glucoaidid innnins those may be mentioned first 
which, when boiled with dilute acids, yield, in addition to glucosc, 
crystal-line decompoaition-products. The most important of tbem 
is — 

Gailotannic aäd, the decomposition-product of which, gaUic 
acid, has been ah-eady alluded to {§ 151), Ita quantitative esti- 
mation ia comparatively easy, as fairly accurate results can be 
obtained both voIumetricaUy by titration with gelatine-solution 
or with pemianganate of potassium, and gravimetrically by pre- 
cipitation as tin {stannous), coppor, or lead-salt. A few aources 
of error must, however, be hcre alluded to. In the first place, 
if the taonic acid has been extracted by water, mucilage and 
galHc acid may also have passed ioto Solution ; the latter is pre- 
ctpitable by gelatine in the presence of mucilage. That is avoided 
by extracting with spirit In tho second place, galhc acid, aa 
already pointed out, acts upon permanganate of potassium. In 
titrating with a Solution of that substance, therefore, either the 
gallic acid must be removed by shaking with ether, or, as sug- 
geated by Löwenthal, and mentioned in §§ 53, 53, two estima- 
tioQS must he made, the one before, the other after, preeipitating 
the tannic acid with gelatine, the calculations being made from 
the difference. In preeipitating with acetate of lead or copper 
(but not with ammonio-chloride of tin), gallic acid is also pai'tiaJly 
carried down, und ahould therefore be previously removed. From 
a Solution containing about 2 per cent of tannin the tin precipi- 
tate will contain 1977 to 19'79 per cent. of atannoua o.xide, the 
Icad 50-00 per cent of oxide of lead, and the copper 38-28 per 
cent. of oxide of copper. 

Hammer'a method (% 53, xi) may, aa already stated, be best 
applied to the estimation of gallo-tannic acid. 

The tannins of sumach,' knoppem galls, valonia and algaro- 
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billa' correspond exactly to gallotannic acid, and all that has been 
aajd oE the latter is eqaally true of the former. They are always 
accompanied by gallic acid in the materiala that yield them. 

Some of theae also contain the so-called ellago-tannic acid, 
■which ia found in notable quantities in myrobalans, divi-divi and 
bahlah fruits.' 

ThiB ellago-tannic acid, which, aa far as Loewe'a experiments 
ahow, iB not a. glucoside, differs from gallotannic acid in yielding 
ellagic in the place of gallic acid, a changa that cän be brought 
about by water alone at a temperatnre of 108° to 110°. Ellagic 
a43id can he obtained in snlphur-yeilow crystals, which are almost 
insoinble in boiling water or in ethßr, and sparingly soluble in 
alcohoL Notwithstanding, however, its slight solubility in ether, 
amall quantities can be removed from aqueons Solution by shak- 
ing with that liquid. Ferric chloride prodncea first a green, then 
an inky colouration. It is soluble in potash, and ia precipitated 
by acetate of lead from an alcoholic Solution in the form of lea<l- 
salt, containing 63 per cent. of oside. The dry substance heated 
with dnc dust yields the hydrocarbon ellagene (Cj^Hju), which 
eannot be combined with picric acid. 

Whether ellago-tannic acid has been prepared in a State of 
pnrity, and whether it ia identical with punico-tannic acid,^ are 
queationB which we may for the prosent leave out of considera- 
tion, Äcconiing to Eembold, the fatter also yielda ellagic acid, 
Special methods for the estimation of theae two subatances have 
not as yet been publiahed. 

For nymphtea-tannic acid see § 161. 

Gallotannic and gallic acids also occnr in iea, accompanied by 
qnercetin (possibly preaent in aiimach alao, g 1S2), and by the 80- 
called boheic acid.* The latter ia not thrown down when acetate 
of lead is added to a bot infusion of tea, but ia precijiitated on 
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Chem. jcil 128, 1873 {Journ. Chem. Soo. xivi. 748); liv. i6 (tannin of 
linoppem-galls). 

' Compaca Godeffrqy, Zeitsohr. d. Oesterr, Apoth.-Ver. 132, 1879 (Year-book 
Pharm. 216, 1876). 

" Compare Uünther, Inc. eil. Älao my übservatione in the JnhtrBabericht f. 
Pharm. 192, 1875 ; and Loewe, Zeitachr. f. anal. Cbem. xa 128 ; xiv. 3C, 44. 

' Annal. d. Chem. und Pharm, cxliii. 285, 1E67. I mny ubserve that in the 
pomegranate bark t.1ao the subatunce yielding ullngic acii is accompanied by 
gallutantiic acid, and that Rembold obtained augar by the decoropo»ition of 

Cümpare BlaBiwetz, Annal. d. Chem. nnd Phann, cxlü. 233. 
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adding ammoiiia. It is pale yellow, amoi-phoiis, anil easily 
Holuhle in alcohol. 

C'ißht-limnk^ acid yields sugar and erystalline caffeic aeid. 
Caffoic acid is easily soliible in aJcohol, sparingly in co]d water, 
and stritea a dark green colour with ferric chlorido, ivhich is 
tiimed red by soda, It reduoea silver salta on warming, but not 
alkaline copper Solution. Like caffca-tannic acid, caffeic acid 
yieids pyrocatechin by dry distillation, The former is also coloured 
green by ferric chloride. Its ammoniacal Solution turna green 
when exposed to the air (viridic acid). According to Günther's 
experiments, it cannot be quantitatively determiued by precipita- 
tion with copper, lead, or gelatine. Titration with pennanganate 
of potassium might possibly yield approximate results. 

Tlie following tannins aro provisionally considered by many 
chemists to be glucosidea (see note); they yield amorphoua de- 
composition-products lesembling phlobaphenes. (Cf. § 160.) 

Quercilannw acid, which is probably identical with the tannic 
acids of willow and elm bark,- is one of the less stable tannins, and 
is, therefore, extremely difficult to purify and to estimate (g 161). 
The copper and lead salts seem specially liable to be deoomposed 
by the combined action of air and water, whilst even the tannic 
acid itself in aqueous Solution rapidly imdergoes change. To 
have any value, therefore, cstiraationa by gelatine or pennan- 
ganate of potassium must be made with perfectiy fresh infusions. 
But the mucilaginoua and other snbatances that ai'e Bimultane- 
ously dissolved by water from the oak-bark, also act upon the 
i-eagcnts and render the eatiniation inaccnrate. By extracting 
^vitb alcohol such foreign snbstances are excluded ; but the estima- 
tion cannot be made in alcoholic Solution, and distillation can 
scarcely be effected without partial decompoaition of the tannin. 

' See Hlanwetz, Annd. d. Cbeni. und PhBnn. csIiL 220, 1867 (Amer. Joiim. 
xxxviii. 504) ; alao Mulder und Olaanderen, Jahresb. i. Chem. Stil, 1858. 

'■' Campare E. Johanaon, 'Bsitr. zur Chem. d. Elchen-, Weiden-, undUlmen- 
rinde,' Diu. Dorpat, 1S75 ; Gcabowaki, Amud. d. Cheou- und Pharm, oxlv. 1, 
18G3. Fht OBlc-red see Tito Bättinger. ibid. ccii. 209, I8S0. lyiewe has re- 
centl j contoated the giucoaidal naturo of quercitunmc acid. Couipare Zeitscbr. 
f. anaL Chem. xi. 208, 1881 (Jouni. Chem. Soc. xl. ßOl). Loewe believea 
□ak-redto beaklndof anhjdride produced from the tannic acid byloes af 4 or 
3 moleoules of water. Büttinger (Bar. d. d, Chem. Ges. xiv. 23B0 ; Joum. 
Chem. Soc. xl. 1041) oonaiders rguercitiuiDic acid itaelf ti> be a glucoside, and 
points out the difforence betweea that «ubstance and anothec cunatitucnt ot 
□aV-bark aUo aoluble in wBter and capable of tanoing. The latter vita the 
body Isolated by Loewe, 

\\ 
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The best results would probably be obtained by extracting 
directly with alcohol, evaporating the tincture in a partial 
vaQUUin, treating the residue with water, quickly filtering and 
estimating at once with gelatine or permanganate of potassium. 
(Ct ^ 51, 52, VII. and XTL) In standardizing the Solutions, 
it may be useful to remember that^ according to Günther*s 
experiments, quercitannic acid, though differing greatly in other 
respects from gallotannic acid, possesses the same quantitative 
action on permanganate of potassium. It must be observed 
that tannic acid is deposited when its Solution is completely 
saturated with chloride of ammonium ; it is advisable, therefore, 
when precipitating with gelatine, to follow the directions given 
for titrating catechu-tannic acid. Quercitannic acid is sparingly 
soluble in ether; ferroso-ferric salts produce inky mixtures with 
its aqueous Solution; other of its properties are mentioned in 
§§ 49, 51. The lead salt obtained by precipitation with a 
slight excess of the acetate contains 56 to 57 per cent. of oxide, 
the copper salt 29 5 per cent The oak-red produced artificially 
from the tannic acid is identical with the phlobaphene that occurs 
naturally in the bark It is likewise coloured black by iron salts, 
yields protocatechuic acid and phloroglucin when fused with 
potash, and possesses the properties of a phlobaphene as 
enumerated in §§ 108, 160, 

The tannios of the pine,^ Ibxh, many species of acacia, etc., 
which have been but little investigated, may possibly resemble 
quercitannic acid in many of their essential characters. 

Füix-tannic add ^ is resolved, on boiling with acids, into glucose 

and red flocks of filix-red ; the latter closely resembles cinchona- 

red. 

Cinchonoriannic acid ^ undergoes a similar decomposition with 

production of cinchona-red. Its lead salt is somewhat easily 

soluble in acetic acid. 



^ Compare Kawalier, Wiener Akad. Ber. xi. 354 et seq, ; Bochleder und 
Kawalier, ibid. xxix. 22 et seq. ; Wittstein Vierteljahresschr. f. pract. Pharm, 
iii. 14, 1854. 

^ See Malin, Chem. Gentralblatt, xii. 468, 1867. For tannaspidic acid and 
pteritannic acid, the former of which Malin believes to be impure filix-red, see 
Luck, ibid. 657, 676, 1851. Compare further Grabowski, Annal. d. Chem. 
und Pharm, cxlii. 279, 1867. 

3 Compare Kembold, Annal. d. Chem. und Pharm, cxliii. 270, 1867, and 
Schwarz, Chem. Centralblatt, 193, 1852. 
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Cincliona-Tun-a-tannlc ncii? yields, according to HlaBiwetz, under 
the saiue conditions, Bugar and cinchona-nova-red ; the latter is 
casily aoluble in ether. 

FoT ipecaamnha-tannic add^ see Willigh and Podwissotzld ; for 
leditannic add, Willigh^ and Rochleder and Schwarz;* for 
nucilannic acid, Phipaon;' for the lannin, of vuiti, Arata;^ for 
^laslrus-lannie acid, Dragcndorff'' Information conceming some 
«ther tannina may be gained from Gmelin'a ' Chemistiy.' 

OTHER GLFCOSIDRg. 

S 166. CyiJopin, Jlhinanthin, etc. — Cydopln, which, however, 
«annot, without some consideration, be clasaed with the tannins, 
13 a glncosidal substanco foiind by Greenish,* in the BO-called Cape 
ov Bush t«a, It ia freely soluble in watev, and is precipitated from 
Solution by acetate of lead, aa ■well aa by digeation with the 
oxyhydrate of that metal ; from the combinations with lead thns 
obtained, it can bo liberated by snlphiu-etted hydrogcn. Ether 
precipitates it from alcoholic aohition. Boiled with 4 per centi. 
hydrochloric acid, cyclopin decomposee into glucose and cyclopiar 
red, which latter is insoluble in ether. With strong hydrochloric 
acid, the Solution turna rapidly red. Cyclopin is not precipitated 
by gelatine or tartar emetic, and does not poasess an astringent 
taste. In tho plant producing it, it appears to )>e easüy converted 
into oxycyclopin, wliich is insoluble in alcohol, and undcrgoes a 
similar decomposition to cyclopin itself. 

Another glucoaide that yielda a deeply coloured decompoaition- 
product when boiled even with veiy dihito acida, ia the rkbmnlhin, 
occuning in various speciea of Rhinanthus, Alectorolophus, and 
Molampymin,* It can be obtained in colourlesa acicidar crj-stals, 
ßoluble in water and alcoho!, insoluble in ether, and not preci- 

' Hee Hlusiwctz, .Ajinol. d. Chem. und Fborm. Iixii. 130, 1337. 

^Jonrn. f. pract. Cbem. li. 404; Phano. Zeitechr. f. Kuealund, xix. 1. 
Pharm. Journ. TnuiH. [3], x. 642. 

» Cbem. CentralbUtt, 780, 1853. 

• Zeitflchr.t. acuJ. Chem. i. 663, 1869. 
" Ibid. p. 812. 

• Jnhreab. f. Pharm. 104, 1878. Compare alao Bjassoo, ibid. 
' Archiv d. Pharm. [3], liL 113, 1878. 

» SiUb. d. Dorpatar Naturforachar-Gei. 345, 1880 (Phann. Jinirn. anil Traun. 
[31, xi. 649). It ii accompanied by the crystalline rticlopin-Jliioreidii, which 
ia aoluble in ether and alcohol but aparingly aoluble in water. Patash dissoWea 
it with j'etloTT coloiir am) production of Si Hae green RuoreaceDce. 

• Compare Ludwig, Archiv d. Pharm, cilü. 199, 1870. 

W— =1 
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pitated by acetate of lead. Boiled with dilute [hydrochloric acid 
it yields rhinanthogenin, which is of a dark hluishrgreen colour, and 
insoluble in water. 

Some alkaloids, too, possess the property of yielding, under 
similar conditions, deeply coloured decomposition-products, as for 
instance, rhceadine, thebaine (§ 189). 

§ 167. Other important Glucosides ; Solubility. — A remarkable 
peculiarity of the above, as well as a number of other glucosides, 
is that, although more or less easily dissolved by alcohol, they are 
sparingly or not at all soluble in ether. Certain glucosides that 
have been mentioned, where necessary, in the foregoing chapters 
show a similar insolubility in ether (compare convolvulin, § 153; 
digitalem and digitonin, § 155 ; chrysophan, § 148, etc.) ; in fact, this 
negative property may be said to be characteristic of the majority 
of glucosides. 

Nitrogen enters into the composition of some few of the members 
of this class, and certain of them, when acted upon by f erments or 
acids, yield in addition to sugar a völatile decorwpositwn-froduct of 
characteristic odour ; but this is not the case with most of them. 

The foUowing are some of the letter-hnown ghicosides that are 
soluble in alcoholy contain nitrogen, and yield a völatile decomjmitioTir 
p'oduct 

Amygdalin and laurocerasin ^ are both tolerably easily soluble in 
water (amygdalin in 12 parts), and in boiling alcohol of sp. gr. 
0*819, but more sparingly in cold. They are insoluble in petro- 
leum spirit, and are precipitated by ether from alcoholic Solution. 
Amygdalin crystallizes with facility in bitter scales belonging to 
the monoclinic System. Laurocerasin has not yet been obtained 
in crystals. They are both laevo-rotatory. Conc. sulphuric acid dis- 
solves them with pale reddish-violet colour. Emulsin easily resolves 
them into glucose, oil of bitter almonds, and hydrocyanic acid, 
the latter body being produced in larger quantity from amygdalin 
than from laurocerasin. The reason for this is to be foimd in 
the fact that in laurocerasin half of the cyanogen in the amygdalin 
group has been already converted into formic acid, so that lauro- 
cerasin may be regarded as amygdalate of amygdalin. On boiling 
amygdalin and laurocerasin, therefore, with baryta-water, tho 
former will yield one molecule of ammonia for every molecule of 

^ Compare Lehmann^ * Ueber das Amygdalin der Kirschen, Pflaumen,' etc., 
Diss. Dorpat, 1874. 
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bariiim salt formell, whiht from the latter only one of the former 
tan be obtained for eveiy two of the latter. ^ 

Methods for tho quanlüalwe edimoiion of amygilaliii havß 
been proposed by Eieckher ^ and Feldhaus.' That of the latter 
is baaed upon tlie decomposition of the amygdalin by emulsiii in 
aqueous Solution and cstimation of the hydrocyanic acid produced. 
Almonds are freod from oil, powdered and macerated with water 
for twenty-four houre. Tho hydrocyanic acid is then distilled off 
in a current of steam, veceived in ammoniacal water, and eatimated 
aa Cyanide of silver. Anyone that haa distilled bittor-almond 
water, or brought hydrocyanic acid into contact mth powerful 
alkaliea, will know that this method is veiy faulty. To obtairi 
even approxiaiate results I think it mnst be necessaiy that {a) the 
flasks in which the maceration ia conducted should be completely 
filled with the mixtui-e, and (6) the nse of anunoma or other 
powerful baSB should be avoided. 

In Eieckher's method the amygdalin is decomposed by hydrate 
of barium, a reaction wliich, according to Lehmann, takes place 
t^lerably sinoothly. One reason for preferring this process to Feld- 
haus's ia, that the result can be checked by estimating on the one 
hand the ammonia liberatcd, and on the other the amygdalate of 
barium produceil The latter cao be determined in the Solution 
after exptdsion of the ammonia by removing the exceas of barium 
with carbonie acid gas, and theo ilecomposing with sulphuric acid 
the amygdalate of that metal which has been left in Solution. 
From the sulphate of barium thus obtained the araount of amyg- 
dalin acted upon can be calculated. This method cannot, how- 
ovcr, I think, he ap]ilied directly to almond meal deprived of fat, 
but only to the impure amygilaliu obtained by exhansting with 
boiling alcohol and precipituting with ether. 

Mijfowile ofpolassiuw, crystallizes in rhombic prisms, which are 
freely soluble in water, sparingly in cold alcohol, but are diasohed 
hy warm {60" to 60°) 85 per cent spirit. Myronic acid itself is also 
sohiblo in cold atrong spirit, but rapidly decomposes. In aqueous 
sobition myronate of potasaium is easily reaolved by ferments, 
cspecially by the myroain of white and black mustard (but not 

' It is remarkabli! that Lcbmiuin coald find cane-avig&r in tfae eeeds of the 
apple, )Mssr, charry, pluui, jiaach, and bitter almond, which ointain crjstal- 
lizbblo »mygdalin, whiliit Bweot tjmnndit yielded ftlucoee only. 
= K. Jahrb. f. Phnrm, xxiv, MS. ^ Archiv d. Pharm, clüri. 52. 
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by emulsin) into volatile oil of mustard (sulphocyanide of allyl, 
§ 29), characterized by its extreme pungency, glucose and bisul- 
phate of potassium. A quantitative estimation might possibly be 
made by freeing the finely-powdered seeds from oil, exhausting 
with warm 85 per cent. spirit, and digesting the tincture for 
some time with carbonate of barium. From the filtrate the 
alcohol might be recovered by distillation, the residue dissolved. 
in water, and digested with myrosin at a temperature of about 40% 
the barium being finally precipitated as sulphate by the äddition 
of hydrochloric and sulj)huric acid. One molecule of sulphate of 
barium indicates one of myronic acid.^ 

White mustard contains no myronic acid, but in its stead 
another glucoside, to which the name of sinalMn has been given. 
Like mjn^onic acid, it dissolves in boiling 85 per cent. spirit, 
separating out again to a great extent on cooling. It is crystal- 
line, insoluble in ether and bisulphide of carbon; sparingly 
soluble in cold, freely in hot alcohol, and in water. AlkaÜes 
colour it 'yellow, nitric acid transiently blood-red. It reduce» 
alkaline copper Solution, and is precipitated by mercuric chloride 
and nitrate of silver. Warm Solution of caustic soda converts it into 
sulphate and sulphocyanide of soda; myrosin into glucose, acid 
sulphate of sinapine and sulphocyanate of acrinyl (C7H5.O, NCS). 
Sulphocyanate of sinapine, which also occurs in white mustard, ia 
not glucosidal, and differs from ' sinaibin in being more easily 
soluble in cold alcohol, and in yielding the sulphocyanide reaction 
directly with ferric chloride.^ 

Ericolin and nunyanthin^ are glucosides containing no nitrogen, 
but yielding easÜij wlatüe decomposition products. The former 
has been described in § 155. Menyanthin is freely soluble in 
warm water and in alcohol, but insoluble in ether. Conc. sul- 
phuric acid dissolves it with the gi*adual production of a reddish- 
violet colouration. Warming with dilute sulphuric acid resolves 
it into glucose and menyanthol, the latter possessing a penetrating 
odour. Menyanthin is precipitated by tannic acid, but not by 
acetate of lead. 

^ Gompare Will und Körner, Annal. d. Chem. und Pharm, cxxv. 257, 1863» 
(Am. Joum. Pharm, xxv. 323.) 

2 Gompare Will und Laubenheimer, Annal. d. Chem. und Pharm, cxcix. 
150, 1879 (Pharm. Joum. and Trans. [3], x, 918). Babo und Hirschbrunn, 
ibid. Ixxxiv. 10, 1852. 

* Gompare Kromayer, Joe. clt, ; Liebelt, Jahresb. f. Pharm. 119, 1877. 
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Piiiipicrin ia described by Kawalier^ as being freely soluble in 
water and alcohol, inaoluble in pure ether, and not precipitable hy 
basic acetate o{ lead, Ite decomposition-productB rcsemble those 
of ericoUn. 

Of glucoaidea whicli yield eithor ßxed or ilifficuÜIy volatih deeom- 
posHüm-pivdacts not possessing any characteristic odour, the foUow- 
ing may l>e mentioned. 

C'oni/eriti is sporingly dissolved by oold, but fi^eely by wann 
water and by alcohol. It crystallizea in glist«ning needlea, and 
melta at 185' (uncoiT.). With conc. sulphuric acid it forma a 
violet soiutionj and when moistened with hydrochloric acid aud 
phenol developa a blue colouration. Dilute acida resolve coiii- 
feriu into augar and a reainous substance ; with emidain it yields a 
tiyatalline decomposition-product. The latter, which is sparingly 
soluble in watcr and alcohol, can be removed hy ether from its 
aqnooua Solution. Its melting-point lies betwoen 73° and 74'. 
Coniferin, when exposed to the air, gradually acquirea a vanilla- 
like odour, a change lapidly brought aboiit by warming with 
ililuto sulphuric acid and bichromate of potaaaium, and caused by 
the decomposition of the coBiferin with the production first of the 
methyl-ethyl ether of protocatechidc aldehyde, and finally of 
Vanillin^ {§ 155), The rcaction with hydrochloric acid aud phouol 
may be used iu testiug for conifeiiu microchemicallt/ in the cam- 
binm of conifers. 

The identity of this substanca with the coniferin of Tangel,^ 
detected in sections of conifers by the red colouration produced 
by conc. sulphuric acid and phenol, muat bc left for the present 
an open question. Müller ^ haa shown that the lattor also occurs 
in moat iudigeuous trees (Salix, Populua, Prunua, Acer, Quercus, 
etc.), and is to be met with in abundance, espccially in the autnmn, 
in the havd baat and albumum, According to Müller, the phenol 
only hastcns the appearance of the red coloui-, 

Arbutiu^ is sparingly aoluble in cold alcohol, ether, and cold 

■ Chüin, Centralblutt, "OS, 724, 1853. 

'■' Compore Tiemanu und HAarmann, Ber. d. d. chi4a. Ges. vii. 600. 1^7'{ 
(Joiim. Chem. Soc xxtU. 895). See qIeio Kubtl, Journ. f. proct. Cheio. 
xcvii. 243, 1886. 

» Flora, Ivü, Ko. 15, 1S74. 

* Ibid. No. 25. 

' Compare Kawalier, Cbein. ContralbUtt, 761, 1S52 ; Strecker, AnnaL d. 
Cbem. und Fharni. tivii. 2SS, cxviii. 2Ü2, ISÜl ; HltuiwetE and Habermaim, 
ibid. clwvii, aaj, 1875 (Journ. Chem. 3«:. xnix. 78, xix. 2B3). 
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water, but the latter solvent dissölves it with facility when 
warmed. Dilute sulphuric acid resolves it into glucose, hydro- 
quinone and methyl-hydroquinone. Both of the latter can be 
extracted by shaking with ether, and, when warmed with dilute 
sulphuric acid and peroxide of manganese, yield quinone, recog- 
nisable by its characteristic iodine-like odour. Acetate of lead 
does not precipitate arbutin. 

Daphnin^ differs from arbutin in being precipitated by acetate 
of lead. It is sparingly dissolved by cold, but freely by warm 
water and by alcohol, and is insoluble in ether. Alkalies colour 
it yellow. Acids and ferments resolve it into sugar and daph- 
netin ; the latter can be partially sublimed without decomposi- 
tion. Certain other constituents of mezereon bark yield umbelli- 
ferone (§ 27) by dry distillation. 

Salicin crystallizes in colourless needles and scales, which have 
a powerful action on polarized light, and are freely soluble in 
boiling water and alcohol, but much less so in cold. It is insolu- 
ble in ether. From aqueous Solution it can be extracted by 
amylic alcohol (§ 56). Hydrate of lead does not combine with it. 
Boiling with dilute acids decomposes salicin into sugar and sali- 
genin or saliretin, both of which substances can be removed by 
shaking with ether. If an aqueous Solution of salicin or saligenin 
is boiled with dilute sulphuric acid and bichromate of potassium, 
salicylous acid is produced. (Cf. § 25.) Conc. sulßhuric acid 
dissölves salicin, saligenin, and saliretin with production of a fine 
red colour. Salicin strikes a beautif ul violet with Fröhde's reagent. 
These reactions can also be employed for the microchemical detec- 
tion of salicin. 

PopiiUn yields benzoic acid in addition to the above-mentioned 
decomposition-products when acted upon by dilute acids (cf. 
§ 26), and salicylous acid when warmed with chromic acid. With 
conc. sulphuric acid a red colouration is developed, and with 
Fröhde's reagent a violet, which, however, is somewhat less intense 
than that yielded by salicin under similar conditions. It is con- 
siderably less soluble than the latter in water and in alcohol, and 
can be removed from aqueous Solution not only by amylic alcohol 
{like salicin), but also by Chloroform and (with difficulty) by 

^ Compare Zwenger, Annal. d. Chem. und Pharm, xc. 63, 1858 (Amer. 
Joum. Pharm, xxxiii. 325). 
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henzene (§ 55). Populin decomposes with far greatcr facilify 
than salicin. 

BeTKoltelicin,^ Jetoctetl by Johansoninwillowbark, forms coloui- 
less cryBtals, solublB in water and alcohoL AVith conc. Boliihuric 
aciil it tums yellow. Fröhdo's reagent doea not produce a violct 
colonration. Boiling with not over-dilute hydrochloric acid 
resolveBhenzolielicin into glucose, benzojc acid, and a resinons 
substance that disaolvea blood-red in conc. sulphnrio acid. 

Philyj'in'' is mucb less soluble in water and alcoliol than ia 
salicin, and yields under tlie influence of dilute aciJs, glucoae and 
philygenin, a polymer of saligenin. Both philyrin and philygenin 
ilisaolve in conc eulphuric acid with red colonration. 

PhloTThvän^ cryatallizea in coloiu'less needlea sparingly solublo 
in cold water, easily in hot Ethyl and methyl alcohol diasolve it 
with facility, ethef with difficulty. Dilute acida reaolve it into 
glucosB and phlorrhetin. Conc. aulphuric acid forma red aolutiona 
with both phlorrhizin and phlorrhetin ; with Fröhde's reagent a 
splendid royal-blue colouration is rapidly developed. Moiatened 
with ammonia and espoaed to the air, phlorrhizin tums yellow, 
red, and finolly blua 

jEsadin can likowiae be obtained in colourleas needles soluble 
in 13-5 part« o£ boiling, 672 of cold water; in 24 of boiling, and 
120 of co!d ahaolute alcohol. Chloroform removes it from 
aqueoua aolution (^ S.')). Boiling with dilute acids resolves it into 
glucoae and a?-8culetin. The latter yielda a yellow Solution ivith 
alkalies ; it is also soluble in bisulphite of ammonia, and if such a 
Solution be mixed with ammonia and shaken with air, at first 
blood-red and subsequently a deep blue colonr ia developed. The 
very characteristic blue Huorescence of lesculin is increased by 
alkalies and destroyed by acida. 

Frcmn posaeasea a aimilar fluorescence, and can also be obtained 
in colourless crystala. It ia niore sparingly aolublc in water and 
absolute alcohol than peaculin, but niore freely in ether, to which 
it imparta ita fluoreacence. Ferric chloride ia said at first to .«trike 



' See Johanson, Joe. cit. Piria, Anna], d. Chem. und Pharm. Ixx\i. 245, 
185-2! lovi. 375, 1855 (Adiet. Jonro. Pharm, ixiv. Sil, mviü. 269). 

' Compare Campono, Aniial. d. Chem. und Pharm. Ixxxi. 2J5, xcyi, 375. 

» For iaophlorrhkin, see Rochleder, Joum. f. pmct. Chein. civ. 397, ISCR 
(Anier. Journ. Pharm, xli. 119). 
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a greön colour and subsequently yield a yellow precipitata 
Fraxin is thrown down by acetate of lead.^ 

Syringin (§ 55) crystallizes in colourless needles, dissolves with 
difficulty in cold water, more easily in bot water and alcohol, but- 
is insoluble in ether. Basic acetate of lead does not precipitate it- 
from aqueous Solution. Conc. sulphmic acid dissolves it with 
deep blue colouration ; Fröhde's reagent, bloodred passing to- 
violet ; conc. nitric acid, deep red. Chloroform extracts syringin 
from aqueous Solution. 2 

For gldbutarin see Walzj^for coo^iamyrtin compare §155; for 
pütosporin see v. Müller ;* for samaderin see de Vrij.^ 

Colocynthin can be obtained in yellowish crystals which dissolve 
in conc. sulphuric acid with the gradual prpduction of a fine red 
colour ; Fröhde's reagent produces a cherry-red. It is extremely 
bitter, easily soluble in water and alcohol, but insoluble in ether. 
Benzene (§ 55), or better, Chloroform or amyhc alcohol, extracts it 
from aqueous Solution ; it is precipitated by basic acetate of lead 
and ty tannin. 

Bryonin is also precipitated by the latter reagent.^ 

For ononin, which gradually assumes a cherry-red colour with 
conc. sulphuric acid, see Hlasiwetz.'" 

Aj^iin crystallizes in shining silky needles soluble in hot water 
or, more easily, in hot alcohol. Ether does not dissolve iL 
Ferrmts sulphate colours the aqueous Solution blood-red, Both alcoholicr 
and aqueous Solutions gelatinize on cooling. In dilute alkalies apiin^ 
dissolves with yellow colouration. 

For daiisciny which is also coloured yellow by alkalies, see 
Braconnot^ and Stenhouse.^ Ferric chloride precipitates it green ;. 

^ For a number of other glucosides and allied substances (arg^yraßscin^ 
aphrodsescin, etc.) discovered by Eochleder in horse-chestnuts, see Journ. f. 
pract. Chem. Ixxxvii. 26, 1863 (Amer. Journ. Pharm, xxxv. 290). 

2 For the nearly allied ligustrin, see Kromayer, Archiv d. Pharm, cv. 9,, 
1861 ; for syringopicrin (easily soluble in water), ibid. cix. 26, 1862. 

3 N. Jahrb. f. Pharm, vii. 1, 1857 ; xiii. 281, 1860. 

* * The Organic Constituents of Plauts,* Melbourne, 1878. 

ß Chem. Centralblatt, 92, 1859 ; Jahresb. f. Pharm. 208, 1872. See Blume, 
Amer. Journ. Pharm, xxxi. 342. 

« N. Jahrb. f. Pharm, ix. 65, 217, 1859 (Amer. Joiu:n. Pharm, xxxi. 249). 

" Chem. Centralblatt, 449, 470, 1855. 

8 Annales de Chimie et de Physique [2], iii. 277, 1816. 

^ Annal. d. Chem. und Pharm, xcviii. 166, 1856 (Journ. Chem. Soc. ix. 
226). For helianthic acid compare Ludwig und Kromayer, Archiv d. Pharm. 
[2], xcix. 1, 1848 (Amer. Journ. Pharm, xxxii. 135). 
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aciitate of lead, yellow. Zander^ has reeently foimd a glutosiilu 
allieil to datiscin in the seeda of Xanthium stnimariiiiu- For 
^phjsiiUii, which can easüy be extracted by ahakiög mth chlorc- 
fomi (§ 55), Bee Deasaignes and Chautard ;" for dutcamarin, see 
Geissler.* The latter is soluble in acetic ether, insoluble in ether, 
Chloroform, biaulphide of carbon, and benzena It is precipitated 
hy tannin, and by basic acetate of lead. Conc sulphuric acid 
'lissolves it with red colouration passing to rose; with alkalies it 
forms reddiah-bi'own Solutions. 

Hesperidin shows a disposition to foim sphtero-ciyatals. It is 
sparinglj- soliihle in water and cold alcohol, freely in warm 
alcohol and aeetic acid, but insoluble in ether. Ferne chloride 
coloui-s it broivnish-red ;' conc, sulphuric acid gradually bright red 
(Umonin the same). Acetate of lead produces no precipitate. If 
u Solution in dilute potash is evaporated to drynese, the residue is 
coloured red, passing to violet when warmed with excess of dilute 
sulphimc aciiL Hespeiiflin can be recognised under the microscopc 
as sphif ro-cryatals solubie in warm alcohoL 

(Jrocln (polychroifce) fonns a dark red jwwder aimringly soluble 
in ether and wat«r, more eaaily in alcohol. Conc. Bulphujic acid 
colours it blue. Dilute acids resolve it into glucose and crocetin 
(insoluble in water), a saffron-liko odour being develojied diuing 
the decomposition. Basic acetate of lead precipitates crocin.^ 

Glyeprhkin^ is deposited from glacial acetic acid in sph^ro- 
crystalline masses of prismatic needles. After purification with 
acetic acid it is almost insoluble in water {fonning a JeUy withit), 
Imt may nevertheleas be extracted (in combination with bases) 
from Uquorice-root by that menstmuin. It contains nitrogen, is 
sparingly soluble in absolute, more oasily in boiling 90 per cent 

' ' Chem, über die Samen von XanttimD atniniariimi,' Diss. Dorpiit, 13S0. 

' N. Repert. f. Pharm, i. 216, 1851 (Amer. Juucn. Pharm, xxv. ISS, 136J. 

» Archiv d. Pharm. [3], vii. 2SB, 1875 (Pharm. Joum. and Trana, [3], vi. 
]010). 

' Com pars Hoffmann, Ber. d. d. ehem. Ges. ii. 250, 685, 1876 (Joum. 
rhem. Soc. XXI. 420, 421); Cor aurantiin, murrayin, limonln, ibid.; alao 
Hileer, ibid. 28 (Joum. Chem. Soc. xiix. 709). For nftriogin, see Archiv d. 
Phatin, [31 xiy. 139, 187B. See also Dehn, Zeitschr. t. anal. Chem, ii, lOÜ, 
18Ö0 ; »nd Tiemvin und Will, Ber. d. d. ehem. Gea. liv. 948, 1881. 

' Hee Wei»^ Joiim. f. praot Chom. ci, 65, 1868 ; StoUdart, Pharm. Joiim. 
and Trans, [3], vii, 238, 1876. 

" CoiniAm Habcnnann, Anual. d. Cham, imd Pharm, csctü, 105, 1879 
(Pharm, Joum. and Tran». [3]. x, 4.'^, 1871')- Habermann changea the name 
tu ^Ircyrrhizic acid , 
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alcohol, and is almost insoluble in ether. Conc. sulphuric acid 
precipitates it from aqueous Solution ; acetate of lead and chloride 
of calcium, from alcoholic. Neese's method for the quantikUive 
determination of glycyrrhizin is based upon the precipitation by 
sulphuric acid. 

FoT panaquillon, see Garriques ;^ for thevetin^ compare de Vrij ;^ 
for chamcelirinj see Greene.^ 

Cfjclamin (Primulin) is crystalline and dissolves f reely in water ; 
the Solution froths when shaken. It is easily soluble in dilute 
alcohol also, but sparingly in absolute, and insoluble in ether. * 
It is Said to bear a close resemblance to saponin. (Cf. %77 ei seq.; 
§ 167.) 

For gratiolin, see Marchand ^ and Walz ; ® for jmridinj "Walz ^ 
andDelffs.8 

For convallarin and convallamarin, see Walz. ^ The f ormer is 
sparingly soluble in water, but imparts to it the property of 
frothing ; it is freely soluble in alcohol, but insoluble in ether. 
The latter dissolves more easily in water, is precipitated by tannin, 
and tums graduaUy violet when exposed to the air in contact 
with sulphuric acid. Warming with hydrochloric acid colours it 
red. Convallamarin can be extracted by shaldng with Chloro- 
form (§ 55). 

Hellehorin and hellebor eiinJ^ — The former is sparingly soluble in 
cold water, freely in alcohol and Chloroform ; the latter easily in 
water, more sparingly in alcohol, and insoluble in ether. It can 
be extracted by shaking with Chloroform (§ 55). Both dissolve 

1 Chem. Centralblatt, 721, 1854 (Amer. Joum. Pharm, xxvi. 511). 

2 N. Jahrb. f. Pharm, xxxi. 1, 1869, Compare also Jahresb. f. Pharm. 
112, 1877 ; Blas, Amer. Joum. Pharm, xli. 310. 

8 Amer. Journ. Pharm. 1. 250, 1878. 

4 Compare Mutschier, Annal. d. Chem. und Pharm, clxxxv. 214, 1877 
<Year-book Pharm. 145, 1878). See also Luca, Compt. Rend. Ixxxvii. 297, 
1878 (Pharm. Joum. and Trans. [3], vii. 876, 1877). 

* Joum. de Chim. m«Sd. xxi. 517 (Amer. Journ. Pharm, xvii. 281). 

« Jahrb. f. Pharm, x. 317, xiv. 70, 1852, xxi. 1, 1863, where certain other 
constituents of gratiola are also treated of. (Amer. Joum. Pharm, xxxi. 340). 

7 Jahrb. f. Pharm, iv. 3, v. 284, vi. 10 ; N. Jahrb. f. Pharm, xiii. 174, 
1860. 

8 Ibid. ix. 25, 1858. 

® Ibid. X. 145, 1858 (Amer. Joum. Pharm, xxi. 577). 

^* Compare Husemann and Marm^, Annal. d. Chem. und Pharm, cxxxv. 55, 
1865 (Phai-m. Journ. and Trans. [2], vii. 621, 1866). 
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io cone. sulphuric aeitl, with inunediate protluction of a fino red 
colouration. 

For digitalin and difitaliim, see § löö. 

Sciilain, a glucoaidß obtainod froii> Scilla maritima, rcsemblea 
digitalin in physiological' oction. It is sparingly soluble in cold 
water, but freely in alcobol, and when boilod with düute liydro- 
chloric acid is decomposed into BUgar and a second subBtance, 
soluble in ether. Concentrated hydrochloric acid is coloured red 
when boiled with acillain, and this is foUowed by the Separation 
of a. greenish flocculent deposit. Concentrated sulpbniic acid 
dissolvee it brown, with green fluorescence, and the Solution is 
coloured bluiah-red by bromine. Basic acetato of lead does not 
pretipitate scillain.' 

Saponin and dirfitonln are likewise glucosides ; they have alreudy 
been described in ^ 77, 78, 79, 155, where mention has lieen 
maAe of their insolubility in absolute alcohoL My object in 
referring to them again hei'e, is to draw attention to the resem- 
blance they l>ear, in many respecta (frothing of the Solution, etc.), 
to the preceding glucosides (cyclamin, etc.), The folloiring sub- 
stances aro also allied to sapouin : 

Setiegi" — wldch, however, is posaibly identical with sapouin — 
was found by C'bristophsolm- to differ from that body only in 
the rapidity with which the violet colouration was produced by 
sulphiuic acid. It cau bo estwialett by the methods detaUed 
in S 7f*. 

C'hristophaohn also proved that both saponin and senegin are 
accompanied in the drugs yielding them by another substance that 
has a much move powerful action on tho heait than either of thoso 
luinciplea themsolves. This other substance remains in Solution 
aftor Separation of the saponin by baryta-water, but could not be 
obtained in a etatc of purity. 

Melanlhin, found by Greenish' in the seeds of Nigella satii'a, 
ia not precipitated by ether from alcoholic Solution. It resemblea 
saponin in being fi'coly solublo in weak spiiit, but may be 
distinguisbed by its slight solubility in water, and in the eaas 

exp. PathoL und FbncmacoL xi. 1% 137» 
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with which it splits up into sugar and melanthigenin when boiled 
with a dilute aciA 

The so-called smücudn was also formerly regarded as allied to 
saponin, but the researches of Flückiger^ have shown that under 
this designation a mixture of substances has been described, the 
principal constituent of which was named jparülin. This body 
Stands in close relation to sapogenin, the decomposition-product 
of saponin ; and as the latter is contained in sarsaparilla,^ it is 
probable that parillin is produced from it during the life of the 
plant According to Flückiger, parillin is not soluble in cold water 
to any appreciable extent, but dissolves in 20 parts of boiling. It 
is taken up by spirit of sp. gr. 0*83 more easily than by stronger 
or weaker alcohoL^ Its reaction with conc. sulphuric acid re- 
sembles that of saponin. Boiled with 10 per cent. sulphuric acid 
it decomposes into sugar and parigenin, with production of a 
green fluorescence. A similar fluorescence is also observed when 
hydrochloric acid gas acts upon a Solution in a mixture of Chloro- 
form and alcohoL 

• Sapogenin resembles parillin in most of its properties. Roch- 
leder is of opinion that it stiU retains a little sugar, and is there- 
fore really the result of an incomplete decomposition of saponin. 
The violet colouration gradually produced when sapogenin is 
dissolved in conc. sulphuric acid serves to distinguish the body 
from digitoresin, which, according to Schmiedeberg, yields a yellow 
Solution. (See § 155.) 

Indican may also be mentioned here, as, although it is not a 
substance that can be imconditionally ranked as a glucoside, it 
may nevertheless be compared with them as regards its Constitu- 
tion. By the decomposition of indican indigo-blue is produced, 
together with a kind of sugar called indiglucin. I leave it, how- 
ever, an open question whether the formation of indigo-blue is 
preceded by that of indigo-white, which, it is true, readily yields 
that substance by absorption of oxygen. Indican appears to 
occur in many plants (leaves, etc.), but to undergo a partial 
decomposition when they are slowly dried, and the black or blue 



^ Compare Flückiger and Hanbury, * Phannacographia,' 646. 

2 Otten, * Histiol. Unters, der SarsapariUen,' Diss. Dorpat, 1876. Otten 
estimated the saponin by the methods given in § 78. 

* Archiv d. Pharm. [3], x. 535, 1877 (Pharm. Joum. and Trans. [3], vüL 
488). 
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eoloumtion of the leaves produced thereby would arouse a sus- 
picion of its preaence, Cold spirit extracts indican ; the Solution is 
best evaporated in a current of dr/ air at the ordinaiy temiierature. 
Foreign bodies may be removed from the aqneoua Solution by 
Bbaking it with freshly precipitated hydrate of copper, biit the 
copper that simultaneously paasee into Solution must be subse- 
(juently removed bysulphuretted hydrogea The aqueoiis Solution 
must also be evaporated at the ordinary temperature, the residue 
diäsolved in cold alcohol, and tho indican precipitated by ether. 
Dilutfl acids decompose thia unstable body, as above ilescribed, 
with production of indigo-blue, 

The latter is characterized by its insolubility in water, alcohol, 
and ether and solubility in carbolic and fuming sulphuric acids. 
It can bo aublimed, and yields indigo-white (soluble in water) 
when boiled with glucose and an alltali. Advantage inight be 
taken of tha latter property testing for indican in dried vegetable 
substances, Tho residue of the matorial after exhaustion with 
water night be boiled with an aUcali and glucose; from the 
Solution thus obtajned the indigo-blue would be again precipi- 
tated by passing a current of air through it. • 

g 168. The ioÜawingbUUTprinclples havenot asyet been shown 
to be glucosides ; but they are likewise sparinghj soiulAe in ether, 
7nore freely in alcohol: Antuirinj^ aristdoehia-bitfer,' caletidulin^ 
(gelatinizes with water), californin* (appears to be a mixtnre of alia- 
loids, of which lotiirin, which is atrongly fluorescent in acid Solution, 
13 especially interesting) ; carapin,^ eraicegm,^ cusparin'' (coloured 
green by nitric acid, red by mercurous nitrate); guinovin^ (qnin- 
ovic acid, obtained by boiling quinovin or quinova-bitter with 
acide, is said to resemble cholic acid in gradually tnming i-ed with 

' See de VrEj and Lndwig, Zeilsohr. d- oesterr. Apoth. Ter, B2, 1368 (Amer. 
Joum. Phann. xxxv. 474). 

' See Wali, Jahrb. f. Pharm. XKvi. 73. Gmelio'a ' Organio ChomietTj,' 
> See Stoltic, Ber. Jahrb. f. Pharm. 1820. 

* See Mettenheimer, N. Jahrb. f. Pharm, i. 311, 1370. Hesse, Ber. d. d. 
ehem. Gea. xL 1942, 1878 (Jonm. Chem. 3oc. xixvt. 73). 

' 3ca CavBoton, Vierteliahregschr. f. pract. Pharm, s. 423, 1S61 (Amer, 
J.mn». Pharm. axL 231). 

* Bee Leroy, Joum. de Chiiti. mÄI. xvü. 3. 

' Sae Salttdin, ibid. ii. 388 (Amer. Jimrn. Pharm, v. 346), 
■ Coropara Gmolin, ' Handboofc of Orgonic Chemiiitry. ' Staeder's metbod of 
entimating quinovic acid in certain cinchona barka (N. Tijdschr. voor da 
Phann. ia Nedwl. 152, 1B78) was pronounced nnaatiafactory by de Vrij (ibid. 
806], 
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sulphuric acid and sugar) ; cnidn^ (is said to dissolve green in cona 
hydrochloric, red in sulphuric acid. It can be extracted by shaking 
with benzene (§ 55), but is partially precipitated irom aqueous 
Solution by basic acetate of lead) ; geraniin,^ ladttcin and its allies,' 
linin,^ htpinin,^ mvdarin^^ olivil,'^ quercin ^ (very slightly soluble in 
absolute alcohol) ; sparattospermin,^ 

§ 169. Aloins. — ^There is another group of non-glucosidal bitter 
principles to which I should like to direct attention ; viz., that of 
the aloins — a series of closely allied but not identical chemical in- 
dividua. All the members of the group are soluble in water and 
alcohol, sparingly only in ether ; but it must be observed that the 
separate aloins show notable differences in their behaviour to water. 
That obtained from Natal aloes is the most difficultly soluble, 
whilst the aloin of Cape aloes, which is possibly isomeric with 
nataloin, is comparatively freely dissolved.^^ 

All the aloins can be obtained in yellow crystals, but show a 
great disposition to form supersaturated aqueous Solutions in 
which, perhaps, they exist in an amorphous state and free from 
water of crystallization. From such Solutions the aloin can be 

^ See NativeUe, Joum. de Chim. med. xxi. 69, and Scribe, Comptes rendus, 
XV. 802. See also my article on the detection of foreign bitters in beer in the 
Archiv d. Pharm. [3], iv. 293, 1874; also Kubicki, *Beitr. zur Ermittel, 
fremder Bitterstoffe im Biere,' Diss. Dorpat, 1874 (Pharm. Joum. and Trans. 
[3], V. 566, 1875), and Jundzill, * lieber die Ermittel, einiger Bitterstoffe im 
Biere,* Diss. Dorpat, 1873. 

3 See Müller, Archiv d. Pharm. [1], xxii. 29, 1828. 

3 Gompare Ludwig and Kromayer, Archiv d. Pharm, cxi. 1, 1862 ; also 
Kromayer, * Bitterstoffe.' 

* See Schroeder, N. Repert. f. Pharm, x, 11, 1861. 

^ Gompare Landerer, ibid. i. 446, 1854. This lupinin must not be con- 
founded with the glucoside of the same name discovered by Schulze and 
Barbieri in 1878. Gompare Ber. d. d. ehem. Ges. xi. 2200 (Joum. Ghem. Soc. 
xxxvi. 467). 

^ Gompare Duncan, Phil. Mag. x. 465. 

' Gompare Pelletier, Annal. de Ghim. et de Physique, iii. 105 ; and Sobrero, 
N. Jahrb. f. Pharm, iii. 286, 1855. 

^ See Gerber, Archiv d. Pharm, xxxiv. 167, 1831. 

^ See Peckolt, Zeitschr. d. allgemeinen oester. Apoth. Ver. 133, 1878 
(Pharm. Joum. and Trans. [3], ix. 162, 1878). 

10 Accordingto Treumann's researches (* Beitr. z. Kenntniss der Aloe,* Diss. 
Dorpat, 1880) the following are the formulse of the various aloins (containing 
water of crystallization) ciJculated to the same number of atoms of oxygen. 
Barbadoes aloin = G48H58O20, 6H2O ; Gape aloin = G46H5802o, 6H2O; Socotra 
aloin = G40H52O20, 6H2O ; Natal aloin = G45H6gO20 ; Zanzibar aloin = C^^K^O^q, 
6— 7H2O; Gura^ao aloin =G44H5oOjo, 6H2O. See also Flückiger, Schweiz. 
Wochenschr. f. Pharm. 331, 1870 ; Pharm. Joum. and Trans. [3], ii. 193, 1871. 
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gnulually obtaineti by diffusion, but it is often long before thcy 
deposit cryslals (most easily obtained from Natal aloea). Ferne 
Chloride colours them, witbout exeeption, greenish-black (Natal 
aloin very slowly) ; they are all gradiially precipitated by baaic 
acetate of lead ; perchloride of platinum colours Barbadoes and 
Cura^ aloin by ilegreea red to violet, Socotra and Cape aloin 
greenish-brown, Satal aloin yeUowish-brown ; chloride of gold pro- 
diices a more or less fine raspberry-red, paasing generali j into violet ; 
irith streng hydrocbloric acid, Natal aloin alone becomes violet; 
merctirous nitrate colours Barbadoes and Curat;ao aloin reddish. 
All tbe aloins are precipitated from aqueous Solution by bromine- 
water, in the form of sparingly solnble brominated Compounds, 
wbich contain frequently, but not tnvariably, 40 to 44 per cent. of 
brotnina The opinion expressed in my ' Chemische Werthbestim- 
mung starkwirkender Droguen,' that these bromine-precipitates 
might be used in dct«rmining the value of the difierent varieties of 
aloes, was based upon some experiments of Kondracki's;' but since 
Treumann has shown tbat one and the same aloin can yield more 
than one substitution-prodact, I have been shaken in this opinion. 
The applicabilily of another mcthod of estimating the Talue of an 
aloes by ascertaining how much tannin is neceasary to precipitat« 
and redisBolve one of the constituents, has also been rendered 
doubtfuL I was convinced tbat this body precipitable by tannin 
was a decomposition-product of aloin, or possibly an amorphouB 
modification, and that it acted directly asa putative ;Kondracki's 
expenments confirmed this supposition by sbowing that the more 
active an aloes was, the greater was the amount of tannin Solu- 
tion requiied in titrating. But as more recent experiments have 
proved ihat the aloins themselves when taken in sufficient quantity 
have a purgative action (whether diiect or indirect, I am tmablc 
to say), and the att^mpts to compare the amount of aloin in an 
aloes witb that of the aubstance precipitat«d by tannin hare uot 
met with snccess, I feel royseif compelled to retract for the present 
tbe Statements made in my ' Werthbestimmung ' on this aubject. 
The aloin is accompanied in aloes by a resinous substance whJch 
does not dissolve vben tbe aloes is treated witb about 10 parts of 
water, but which is solublo in concentrated aqueous aloin-soludons, 
in bot water, and in alcohol Another body, probably non-pur- 
gative, also occnn in dried aloe-juice ; it is freely soluble in cold 
' Bätr. t. Kenntnia der Aloe, Diu, Dotpat, 1874. 

12 
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water, and is possibly an oxyaloin. Bromine does not appear to 
precipitate it fromaqueous Solutions. 

§ 170. Carthamin, etc. — Some substances, more freely soluble in 
alcohol than in ether, and characterized by their yellow colour, 
have been abeady mentioned in § 152, in connection with 
quercUrin {rutin, robinin, luteolin, etc.), and whilst ref erring to them 
here, I will also allude to carthamin, the colouring matter of 
safflower.^ It has been obtained in the form of an amorphous 
powder, of an orange-green colour and metaUic lustre. It is 
sparingly dissolved by water, but easily by aqueous alkalies and 
alcohol; from alkaline Solution it is precipitated by acids. It 
dissolves in ether, and stains silk rose- or cherry-red. 

ALKALOIDS. 

§ 171. Colour-reactions. — The foUowing reagents may be recom- 
mended for producing colour-reactions with alkaloids : Pure 
sulphuric acid ; sulphuric acid, containing a little nitric acid (1 in 
200) ; sulphuric acid, containing 0*01 gram of molybdate of soda 
in each cc. (Fröhde's reagent) ; sulphuric acid and sugar ; sulphuric 
acid and bichromate of potash ; nitric acid (sp. gr. 1 *3) ; conc. 
bydrochloric acid ; ferric chloride. The reactions are best ob- 
served when a few drops of a Solution (in alcohol, ether, Chloro- 
form, etc.) are allowed to evaporate in a small dish and a drop 
or two of the reagent added to the residue. In testing with sul- 
phuric acid and sugar, it is generally better to mix the alkaloid as 
intimately as possible with 5 parts of sugar and add the sulphuric 
^id to the mixture. Delphinoidine should be mixed with as con- 
c^ntrated a Solution of sugar as possible before the addition of sul- 
phuric acid. If bichromate of potash and sulphuric acid are to be 
used in combination, it is advisable to dissolve the alkaloid in the 
acid and drop a crystal of bichromate into the Solution. Sulphuric 
acid and nitrate of potash may be employed in the same way in 
place of the mixed sulphuric and nitric acids. Ferric chloride 
should be used in aqueous Solution, and be as neutral as possible.* 

Some of these reactions might be used in testing for alkaloids 
microchemically. The following table contains a few of the re- 
actions of the more important alkaloids. 

^ Compare Schlieper, Annalen der Chemie und Pharm. Iviii. 357, 1846. 
* All these reactions are described at greater length in my * Ermittel, d. 
Gifte.' 
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gg 172, 173. SUBLIMATION, ETC. 181 

^ 172. Ollier Tesis.^FoT infonnation concennng apikal tests ior 
alkaloids, see Buignct.i üpoa polarizaiion {§ 185), in particular, 
sea Hessa" For the ahsorptimi npecira observable in colour-re- 
actions of alkaloide, see Meyer' and PoehL* 

Tlie temperature at which alkaloids sublime has been deter- 
mined by Armstrong, in an apparatiis aimilar to that described in 
g 17 for ascertaining the nielting-point of fata. Tbe alkaloid is 
placed ona coverslip, to which a glass ring--J- to § inch high is 
cementad, and on which a aecond coverslip is laid. Aa soon as a 
cloud is observed on tbe latter, the temperature is noted. The 
BubHmato is subsequently exaniined microscopically as to its 
crystalline or amorpbous character. Mercury or eaaily fusible 
alloys may he used to heat the alkaloid. For the appearances 
observable duiing the mkrosublimalion, of alkaloids, see Helwig, 
Guy, Waddington, and others.^ 

The crystalline firrm of alkaloids haa been closcly inveatigated by 
Erhanl." 

ä 173. Platmum aiid Gdd-salts. — The following list contains the 
percentage of platinum and gold in the double chloridca of those 
metals with some of the more important alkaloids {dried at 
100°). 

Double SalU ot OoM. PlntlDmn. 

Atropina . . 31'37 . . — 

Aconitine . 22-09 . . — 

AuutnitEae . . 44'23 . . — 

Berberine . . 29-16 , . 18-11 

Brndno . . — . , 18-52 

' Jaiirn. de Pharm, et de Chim. [S\ xL 252, 1863 (Amer. Joarn. Pharm. 
■tiiv, 1*0). 

" Annal. d. Chem. und Pharm, clxxvi. S9, ISTS (Pharm. Jonm. and TranB. 
[3}. vii. IBl), and cicii. 161, IS7S. See also Oudemana, ibid. olxxxii. 33, 
1877 (Year-book Pharm. 75, 1878) ; Arch. Neerland. des Scienoea exactea et 
naturellea, x. 163, 1875 ; and amongst older work« that In particular of 
Bouchardat, Annalea de Chimie et de Physique [S], ix. 213. See also Poehl's 
paper aubetiquentlj qnotad. 

" Archiv d. Pharm. [3], xiU. 413, 1878. 

* Pharm. Zeitachr. f. Russland, 353, 1876. 

" Compars Helwig, ' Du Mikroskop in der Toxieologie,' Mainz ; Gay» 
Pharm. Joum. and Tnuu. [2], TÜi. 718 ; ix. 10, 58, etc. ; Waddington, ibid. 
[-2], ix. 266, 409 ; Stoddart, ibid. 173 ; Bndy, ibid. 234 ; EUwood, ibid. [2], 
i. 152; Ledgewick, Brit. Bev. IxxxL 262. 

' N. Jahrb. f. Pharm, ixv, 129, etc. ; iivi. 8, etc., IS66. Amongat the 
older worki9 are Uuhncfeld'B ' Chemie der Reohtsiiflege,' Berlin, 1323 ; 
Anderaon, Chem. Cuntralblatt, 591, 1848; Taylor, 'On Puiaana ;' Guj, 
■ Principleii ot Forenalc Uedicine ;' Brand et Chaudi', ' Mi^decine IiJgale,' 
Parii, 1858. 
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Double aalt of 


Gold. 


Platinum. 


GafTeine 


37-02 


24-58 


Ginchonine . 




27-36 


Ginchonidine . 


— , , 


27-87 


Godeine 


1 ^— • 1 


19-11 


Goniine 


, ^— , 


29-38 


Gurarine 




32-65 


Delphinine . 


26-7 




Delphinoidine 


29-0 


15-8 


Emetine 


, ^— , , 


29-7 


Hyoscyamine 


34-6 




Morphine 


— 


19-52 


Muscarine 


43-01 




Narcotine 


, — , 


. 15-7-15-9 


Narceine 


, — , . , 


14-52 


Nicotine 


— , , 


34-25 


Papaverine . 




17-82 


Pilocarpine . 


35-5 


. 23-6-25-2 


Piperine 




12-7 


Quinidine 


40-04 


27-38 


Quinine 


40-00 


26-26 


Strychnine 


29-15 


18-16 


Thebaine 




18-71 


Theobromine . 


, — • . 


25-55 


Veratrine 


21-01 





§174. Estimation of Alkaloids. — In estimating the alkaloid in 
leaves of easily pulverizable stalks, it will frequently be found 
practicable to exhaust the powdered substance with spirit, 
evaporate the tincture, and extract the residue with acidulated 
water. The Solution thus obtained may then be titrated with 
potassio-mercuric iodide, as directed in § 65. But if the material 
contains much starch, or is difficult to powder (as, for instance, 
aconite root), it is better to allow it to soak in about twice its 
weight of dilute sulphuric acid (1 in 30) before extracting with 
aJcohol, as, otherwise, larger fragments of the substance are not 
uniformly penetrated by the spirit. 

In estimating atropine, the drop-test (that is, the addition of a 
drop of the precipitating Solution to a filtered drop of the liquid 
to be precipitated) cannot be used It will be found advanta- 
geous to add at once sufficient of the reagent to precipitate the 
greater part of the alkaloid ; after standing several hours, until 
the supematant liquid has become clear, more of the reagent may 
be added, and so on as long as a precipitate is produced. The 
liquid clears more rapidly as the end is approached, tili at last an 
pterval of five to ten minutes is sufficient. 

Atropine may also be estimated gravimetrically by adding 



§ 17i. ESTIMATION OF STRYCIININE, ETC. 183 

excesa of potasaio-mercuric Jodide, dissolving the precipitate in 
alcohol of 90 to 95 per cent., evaporating the filtered Solution, and 
weighing the residue, which contains 40'9 per cent. of atropine, 

For hyoscyamine the same precaiitions are necassary as for 
atropine.^ 

In eatimating coniine gravimetrically with potassio-mercuric 
iodide, I obtained reaulta that wera far below the truth ; the 
Compound precipitated is somewhat freely soluble. (See also 
g§ 175, 180.) 

Nux Vomica and St. Ignatiiis' beans contain two allcaloids, 
Btrychnine anJ brucine, which differ in the intenaity, at least, of 
their action oq animals, and this fact niust not be lost sight of iii 
determining the value of those drugs by titration with potassio- 
mercuric iodide. I have therefore proposed the following indirect 
method of detei-mining both alkaloida : ^ 

15 to 30 grams of the finely rasped seeds are exhausted by boil- 
ing three times in succesaion with dilute aulphuric acid (1 in 50), 
presäing the residue each time. The decoctions are united (about 
700 cc), nearly (but not qtiite) neutralizefl with magnesia and 
evaporated to a syrup in the water-bath. To the residue 2'4 
times its volume of 90 per cent spirit is added, and after 
Standing, tha precipitated mucilage is filtered off and washed. 
The filtrate and washinga are evaporated to about 30 to 50 cc 
and, whilat still acid, well shaken with Chloroform. The Chloro- 
form is then separated, the aqueous liquid made alkaline with 
ammonia, and the agitation with chloroform repeated aa long aa 
any alkaloid is removed. The alkaloidal reaidue obbiined by 
evai)orating the chloroformic Solution is dried, weighcd and dis- 
solved in hydroehloric acid ; the excesa of acid is removed by eva> 
poration, and the Solution titrated with potassio-mercuric iodide. 
The weight of Btrychnine can be calculated from the expression 
1-5-566 (0-0197xc-m) and that of brucine from j/=6-566 
(m— 0'0137 X c), where c is tha number of cc. of reagent used and 
m the weight of the mixed alkaloids. It is still better to weigh 
the hydrochloratea of the alkaloids and calculate the strychnine 
iudt from the expression a;^6'1733 {0-02l52x n-m), and the 

1 CompiicB my ■ WerthbBBtimnmng,' 32, and Thorej oa the ' Distribution o! 
Nitrugen in black uid white heubane,' Diss. Dorpat, lSti9, and Fbann. 
Zeitwhc. f. RuislMid, 265, 333, 1865 IPharm. Jouro. and Trans. [3], xü. 874). 

' See tny 'WerthbeBtimmung," 84. Compura «lao Pharm. Zeitschr. f. Eubb- 
land, 233, ISSO. 
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brocine 8alt from y = 7'1733 (i»-Ö'01852xc), c being the same 
as in the previons expressions and ni denoting the weight of the 
müted hjdrochlorates. 

Titration of morphine and narcoline witä potassio-mercnric iodide 
serves onlj as a check on the wei^t of the alkaloids after 
isolation (^ 182, 187). The total alkaloid in opinm cannot be 
estimated Yolometricallj with that reagent. 

For a method of examining chdidonium compare § 65 and my 

* Werthbestimmung,' p. 98. 

The presence in cevadüla seeds of three alkaloids, all of which 
act upon potassio-mercoric iodide, renders it impossible to do more 
with thiß reagent than compare the extracts of two or more 
different samples of seeds with one another.^ If an approximate 
Separation of the three alkaloids is desired, it must be remembered 
that, according to the investigations of Weigelin,^ aU three are re- 
moved together by shaking with Chloroform; that sabadilline is 
almost insoluble in ether, but is dissolved by 150 parts of water at 
the ordinary temperature ; that sabatrine is f reely soluble in ether 
and soluble in 40 parts of cold water; and finally that veratrine is 
Said to be taken up by 10 parts of ether and 1,000 of cold water. 

The researches of Hamack and Witkowski have proved* 
that the caldbar bean also contains two alkaloids (calabarine and 
physostigmine), differing from one another in physiological action. 
For this reason the estimation of the total alkaloid by titration 
with potassio-mercuric iodide has only a limited value, but the 
alkaloids might possibly be sepaxated, and estimated gravimetri- 
cally, as the calabarine precipitate is insoluble in alcohol whilst that 
produeed by physostigmine is soluble. 

§ 175. Coniine, püocarpine, etc, — Zinoffsky has shown that 
conime can be accurately estimated by phosphomolybdic aeid in 
Solutions free from ammoniacal salts.* The strength of the 
reagent was such that 1 cc. precipitated 05 gram of coniine. 

1 Compare E. Masing, Archiv d. Pharm. [3], ix. 310, 1876 ( Joum. Chem. 
Soc. xxxii. 367). 

* Compare Weigelin, 'Unters, über die Alkaloide der Sabadillsamen,* Diss. 
Dorpat, 1871 (Joum. Chem. Soc. xxv. 828). See also P. G. A. Masing» 

* Beitr. z. gerichtl. chem. Nachw. des Strychn ins u. Veratrins/ Diss. Dorpat, 
1868. 

* Compare Archiv f. exper. Patholog. und Pharmacol, v. 401, 1876 (Pharm. 
Joum. and Trans. [3], viii. 3). 

* ' Die quant. Best. d. Emetins, Aconitins und Nicotins,' Diss. Dorpat, 
18T2 (Pharm. Journ. and Trans. [3], iv. 442). 
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The same reagent haa bcen employeJ by Poehl' for the 
gravimGtric eatimation of pilocarjnne, but that chemist admits fchat 
the results obtained are only approximate. By bis method 10 
grams of jaborandi leaves are extracted with 100 cc. of water 
containing 1 per cent of hydrochloric acid ; the infusion is 
precipitated with acetate of lead, the excess of wiiich ia removed 
by hydrochloric acid, and then, after filtration, phosphomolybdic 
acid is added. The precipitate is collected, washed with water 
containing a little hydrochloric acid, dried at 100°, and weighed. 
It is Said to contain 45-66 per cent. of pilocarpine. 

In estimatJBg the aUcaloid in Solutions of the pure substance, 
phosphomolybdic acid would probably in many cases yield better 
results than potasaio-me renne iodide ; but there is a certain danger 
attending ita use, and that is the posaibihty in many caaes of 
wamonia and amidic compoundB being precipitated with and 
caiculated aa alkaloid. Of püocarpiue in particular it must be 
observed that, according to Christensen, tho composition of tho 
phosphomolybdic acid precipitate, as given by Poebl, rcquires 
reviflion. 

Phosplu>molyMale of quinlne (dried below 70') contains, according 
to Prescott, 27'3 per cent of qiiinino. 

For cases in which phosphotmffslic acid may be omployed see 
§177. 

Attenipts bave also been made to estimate alkaloids by means 
of iannic acid,^ by eitber drying the precipitate produced er 
liberating the alkaloid from it with oxide of lead or other base, 
drying and weighing. My objection to the former of these 
two methods is that the tannatea of the alkaloids are scarcely 
ever constant in their composition. The latter might be adopted in 
certain caseB provided that the precipitated tannate is sufficiently 
eparingly eoluble, and that tho alkaloid itself is not attacbed, 
as curarine is, by the oxide of lead used to dccompose its tannate 
8 64). 

' 'Untani. d. BlStter des Pilocarpus officinaÜB,' St. PetersLurff, 1877 (Year- 
bonlc of Pbarm. 28, Itl, ISSl). See bLid Harnacl: and Mejer, Annul. d. 
Chom. und Pharm, cciv. 67, 1880 (Pharm. Journ. »nd Trans. [3], xi. 651, 687. 
eoa) ; and CbrixteiisGa, Pharm. Zsitschr. f. RaasIiLnd, xx. ISSl (Phum. Joum. 
uidTraa».t3], lii. 400). 

' Compare, for instance, Lafort, Jcium. de Phann. et de Chünie, ix. 117, 
Sil, \Se9 {Pharm. Joum. and Tran«. [3], ii. I02Ü ; üi. 63]. See also mj 
'WErthlKi-timmuna.' 40. 



186 ÄLKÄLOIDS. 

Hager^ and Hielbig^ have both experimented on the estimation 
of certain alkaloids by precipitation with jpiaric acid. I have no 
doubt that in many cases very satisfactory results might *be 
obtained by combining precipitation by picric acid with extraction 
by agitation with solvents, and in this opinion I have recently 
been confirmed by experiments published by Hager on the 
quantitative determination of nicotine. Hager recommends 
precipitation with picric acid at a temperature of 15°, washing 
with an aqueous Solution of the precipitant, and finally drying at 
a temperature not exceeding 40' to 50°. He found the nicotine 
precipitate to contain 27 per cent. of alkaloid. 

§ 176. Estimation of Caffeine, — I may Supplement the method 
given in § 66 for the estimation of this alkaloid by the following 
remarks : Ether^ extracts the alkaloid in a State of greater 
purity than Chloroform, and yields therefore a correspondingly 
better result ; but the mass must be very finely powdered, and 
the treatment with ether repeated several times to be certain 
of dissolving the whole of the caffeine. I have also used a mixture 
of 3 parts of ether with 1 of Chloroform with success. 

In estimating the alkaloid in guarana it is not advisable to 
extract with acidified water, nor is it necessary in determining the 
theine in tea. 

Lieventhal* extracted the powdered tea directly with 
Chloroform, by which, however, far less than the total quantity of 
theine was dissolved. I must make the same objection to Claus's 
method,^ which consisted in extracting with ether, shaking the 
ethereal extract with dilute sulphuric acid, neutralizing the 
aqueous Solution with magnesia, evaporating to dryness, and 
again extracting with ether. Moreover, it would be difficult to 
remove the whole of the theine from ethereal Solution by shaking 
with acidified water.* 

^ Pharm. Centralblatt, x. 137, 145, 1871. Compare also Medin and Almbn, 
Jahresb. f. Pharm. 1871. 
2 Loc, cU. 

* Compare Wurthner's investigations, Pharm. Zeitschr. f. Russlandy 711, 
1872 ; and Weyrich, * Ein Beitr. z. Chemie des Thees und Kaffees,' Diss. 
Dorpat, 1872 (Joum. Chem. Soc. xxvi. 1235). 

* Pharm. Zeitschr. f. Russland, 369, 1872 (Year-book of Pharm. 239, 
1873). 

* Pharm. Zeitschr. f. Russland, 357, 665, 1862. 

* For the less recent methods of Peligot and Zöllner, see my * Chem. 
Werthbestimmung,' 59. For other methods see Comaille, Zeitschr. f. anal. 
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§ 177. Theül/romine. — Troj'anowsky found that the theobromine 
in cacao-seeda might be estimated by the foUowing procesa ^ ; 
■ö grams of the powdered seed are freed from fat by treatment 
with petroleum spirit, dried, rubbed down with powdered glasa 
iind water to a thin paste, mixed with an equal woight of oaicined 
magneaia, and dried in the wat«r-bath at 60" to 70° C. The residue 
is again finely powdered, and exhausted by boiling with 80 per 
Cent, spmt, The decoctions are hltered whilat hot, and evaporated 
to dryneas in a beaker. From the dry extract petroleum spirit 
will diasolve a little more fat ; after having been again dried, the 
mass is thrown on to a tared filter, and washed with cold spirit 
tili nearly colourless. It Js then dried and weighed, and to the 
weight of theobromine thus obt&ined •0'0007 gram added for 
«very cc. of wash-spirit.^ 

Wolfram estimatea theobromine in cacao-seeds hy precipitating 
with phosphotungstic acid^ (§ 64), and subaequently separating 

■Chera. XV. 474, 1876 (Year-bouk of Phn.nn. 20, 187ü) ; Marko wnikoff, ibid. 
Sri. 127, 1877 (Year-boolt of Phana. 1Ü4, 1877); Cueneuve and CaiUol, 
ibid. xvii. 221, 1S7S. The Utter replace tbe magneaia in the above method 
witb lime, und the ether with ehloroform ; MarkuwiiikoS also usea chloroForm. 
In woiking upon coffee-beana it will be found very difiicult to reduce them to 
the ßiie powder necessary to ensure the Eiicces^ nf the estiniation. Thia may 
be best accümpliahed after tbe beaos have been thornugbly dried at 1DU°C. ; 
Weyrich, however, bas ahewn that tba amnunt of caßeine contained in a 
nampla of ootfee is na ccitet[on of it9 quEilit;, and even the eeCimation of tha 
aiib, potoah and phuephuric acid in addition to that of the caffeine doea not 
fumlab data free from obJGctina. Leveeie estimated (Archiv d. Pharm. [3] viü. 
2S8, 187(i ; Journ. Cbem. Soc. xixi. 762) fat, mucilage, tannin and cellulwe, 
but with unaatiafoctory redults. Tbe determinatians ut tlie theine, aubstanceü 
.Boluble in water, aah, etc., in tea, made by Weyrich, ebowed the poBsibility of 
detccting adulterstionB, but not of judging of the quality. 

' ' Beitr. zur pharmacog. tmd ehem. Keantmss des Cacaoa,' Diea. Dorpat, 
1875. Thia work also containa estiniationB of the otbec more important con- 
■tituente of cacao (fat, aab, atarch, etc.) in varioua samplet. 

" Aeoording to determinationa niade at my request by Treumann, theobromine 
diuolveain 113*5 partaof vaterat 100°, and in 1,600 at 17°; in 422'5partaof 
boiling abaclute nicohol, and 4284 parta at 17°, and in 105 parts of boiling 
<hloFi'form. It differa in its •olubility from calfeine, with wbich, however, it 
ahare« the reaction with ohlorine and otnmoola. Shaliing with Ijeniiene doea 
not remiive theobromine from aqueous enlutions (g 55). See Archiv d. Pbarm. 
13], xiii. 1, 1378 (Year-book of Pharm. 71, 1879}. Baaic aceCatc oF lead doea 
Bot precipitate theobromine from aqaeoua Bolution. 

' Zaitachr, f, anal. Chem. xvtii. 346, 1879 (Year-book of Pharm. 48, 1879). 
He prepared hia reagent by disaolving 100 grama of tungstute and 00 to 80 
of pboHphatD iif soda in 500 00. of water ocidulated with nitric aciil. For the 
uns uf phuephotungetio acid a< an alkoloid-reagent, aee alao Scbeibler, Journ. 
t pMCt. Cbem. Ixxx. 211, ISSe. 
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tlie alkaloid from the precipitate. Ten grams of the substance 
are rubbed down with water to a fioe paste, then exhaosted hy 
boiling with the same menstruum, filtered and washed with 
boiling water {700 to 800 cc), as long as alkaloid can be detected 
in the washings. Tlie mixed aqueous solutioos axe precipitated 
with ammoniaca] acetate of lead and filtered, The filtrate is made 
alkaline with caustic soda, ovaporated to 50 cc, acidified with 
Bulphuric acid, and again filtered. From the acid Solution, which 
should contain about 6 per cent of free sulphuric acid, the theo- 
bromino may be precipitated by warmiDg with phospbomolybdic 
acid. The precipitate is collected when cool, washed with water 
acidified with sulphuric acid, and decomposed by warming with 
caiietie haryta ; the excess of the latter is removed by sulphuric acid 
and the sulphuric acid by carbonate of barium. The mixture is 
then filtered whilat hot, evaporated to dryness, and weighed. By 
deducting the ash the amoimt of pure theobromine is found. 

§ 178. Estimatwn of Fiperine. — The following ia Cazeneuvo 
and Caillot's method;! 10 grams of finely-ground pepper are 
mixed with 20 of slaked lime, and enongh water to form a tbin 
paste, boiled for fifteen minutes, and then evaporated to dryness. 
on a water-bath ; the residue is finely powdered and exhausted with 
ether. The piperine obtained by evaporating the cthereal Solution 
is recrystallized from alcohol and weighed. It would, I think, be 
hetter if the powdered pepper were first freed from fat by treat- 
ment with petroleum spirit. Possibly the alkaloid might then be 
purified by waahing with petroleum spirit and water instead of 
recrystallizing from alcohol. (Compare also S 64.) 

§ 179. Aääimetric Estimatim of Nicoline. — Schloessing's procesg,, 
raentioned in § 68, consists in extracting the nicotine by passing 
the vapour of ether and ammonia through the tobacco, condensing 
the distillatc, allowing the ether and amroonia to evaporate, and 
titrating the residual nicotine with dilute sulphuric acid. But 
the alkaloid retains ammonia, and the amount found is conae- 
quently too high, (Compare Kosutany and my ' Werthbestim- 
mung.') 

Wittstein, Brandl, and Liecke, all extraot the toba«co with. 
water acidified with sulphuric acid. Liecke evaporates to & 
syrup, precipitates mth 2 volumes of alcohol, washes, and again 
evaporates. The residue is made alkaline with excess of iwtash,. 



' ZeitBchr. f. nnal, Chaa 
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aod diatilled {finallj' at a temperature of 260') into a measureil 
quantity of Volumetrie aulphuric acid, the ex(;ess of which is then 
detennincd by Solution of soda. Wittatein and Brartdl distil tho 
acid extract direct with caustic potash, and note the amount of 
sulphuric acid necessary to neutralize the distülate. They then 
evaporate to dryneas, extract with alcohol, which dissolvea the 
sulphate of nicotine, and detennine tho sulphuric acid in the 
insoluble portion. This is then dedueted from the quantity uaed, 
and from the difforence the nicotäne präsent is calculated. 

Kosutany treats tho leavea, previoosly soaked in water, with 
milk of lime until free from aniinonia, then extracts with water, 
and shakes the filtered Solution with petroleuni spirit, From the 
latter, after se])aration, the alkaloid ia removed by agitating with 
a known quantity of Volumetrie sulphuric acid, the excess of 
which is detormined by baryta water. (Compai'e my ' Werthbe- 
etimmung,' p. 55.) 

g 180. Coniine. — Similar methoda have also been proposed for 
the estimation of coniine. I have already expressed my opinion 
of them in my ' Werthbaatimmiing,' p. 42, where I have at the 
Same time pointed out that those proceeses which involve the 
evaporation of a Solution of chloride of coniine, and determination 
of the alkaloid from the amount of chlorine in the reaidue,! are 
open to objection on the ground that chloride of coniine is easily 
volatilized (g§ 174, 65). 

g 181. SeparathiL of two Allxdoids. — Attention has already been 
drawn in g 69 to casea of the occurrence of two alkaloids in 
vegetable substances. The remarks made in that section may be 
supplemeatod bere with a few examples so taken a& to include 
detaila of processea of more frequent applicabihty, and to givo 
hinta for the valuation of dmgs in general iise. Some such 
instances have already been described in g 174, and I propose 
following theae here with the discusaion of a few more methoda 
for the Separation of ovlij Iwo alkitlolds. 

Let ua firet assume that the two alkaloids to be separated differ 
in ilteir beltaviour to acids, as, for instance, jm-vine and veratröidine, 
alkaloids that occur in Veratrum album, lobeliauum and viride,* 

' Compure Hager, ' tTntersucljDiigen, ' ii. 250. 

* S«e Tobion, ' Beitr. z. Kenntnis» der Verotrum Älkaluide,' Disa. Dorpat, 
1877 (Pbann. Joum. and Tnina. [SJ, vül. SOS) ; Bullook, Amer. Joom, Pharm. 
xlvü 451, and xlix. 153 : Wonnley, ibid. xtviit. i. _ 
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Supposing, then, both these alkaloids to have been extractecl 
together by shaking with Chloroform, and to have been redis- 
solved in dilute (2 per cent) acetic acid, the addition of dilute 
sulphuric acid to such a Solution would cause the precipitation of 
the majority of the jervine as sparingly soluble acid sulphate 
(Simonis vegetable baryta). According to Bullock this salt 
requires 427 parts of cold water for Solution, and the precipitate 
contains 15-5 per cent of sulphuric acid (HgSO^). The hydro- 
chloric acid precipitate (6 '55 per cent. HCl) is more soluble; the 
most advantageous method of all is to precipitate nitrate of jervine 
(soluble in 1,200 parts of cold water) by adding nitrate of 
potassium to acetic acid Solution. Veratroidine remains in the 
filtrate, from which it can be extracted by shaking with Chloro- 
form. In a similar manner paricine may be separated from other 
cinchona alkaloids in the form of a sparingly soluble nitrata 

The behaviour of two alkahids io bases will more frequently be 
found to present differences, of which advantage may be taken. 
Here two cases are to be distinguished : viz., either one alkaloid 
is precipitated, and the other left in Solution ; or, both are pre- 
cipitated, but one is redissolved by an cxcess of the precipitant, 
whilst the other is not. As an instance of the first of these two 
cases, the Separation of narcoiine from narceine may be cited ; the 
former is almost completely precipitated by ammonia, whereas the 
narceine remains in Solution. Morphine and codeine serve to 
exemplify the second case, which is of more f requent occurrence ; 
excess of ammonia precipitates the former tolerably completely, 
but the codeine remains dissolved in the filtrate, from which it 
may be extracted by shaking with benzene. On the other hand, 
an excess of lime-water causes the Separation of narcotine, but 
does not precipitate morphine. But nearly the whole of the 
latter alkaloid is thrown down if chloride of ammonium be added 
to the Solution in caustic lime (§ 187). 

This method of precipitation with excess of alkali is, however, 
unreliable in some cases, in which favourable results might have 
been anticipated. Strychnine can be separated from an acid 
Solution very satisfactorily by the addition of excess of ammonia ; 
brucine under the same conditions remains in Solution until the 
greater part of the ammonia has volatilized. But if both alkaloids 
are present together, part of the brucine will separate with the 
strychnine on the addition of ammonia.^ 

^ See my 'Ermittelung von Giften,' 2nd edition, 259. 
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Carbonated alialies may occaaionally be used instead of catistic 
For the Separation of some alkaloids bicarbonates haye also been 
recommended, aa it was founil that undar certain conditions one 
alkaloid woidd form a soluble carbonate, whikt the otber was 
immediately precipitated in the free atato. In thiswayparicinecan 
be separated from the other bark alkaloids bybicarbonate of soda. 

g 182. BehaviouT lo soliienls. — Separation may be aceomplished in 
this way, either by treating the diy alkaloida with the solvent, or 
by shaking it with the hquid containing the alkaloids in Solution. 

An instance of the firat case may be found in the Separation of 
hrucine and strychnine from a mixture of the two alkaloids pre- 
cipitated by ammonia. Absolute alcohol diesolvcs hrucine with 
tolerable facility, but takes up only a minute proportion of strych- 
nine.' Anothcr method, which I formerly cmployed for the 
Separation of these two alkaloids, may also find a place here. It 
consisted in allowing the benzene «olution of the mixed alkaloida 
to evajwrate until the majority of tha atrychnine had separated, 
then quickly pouring off the mother liquor, waahing with benzene, 
and evaporating to dryness ; the brucine was thus obtained, mixed 
with a little Btrj'chnine {0-0683 gr. for every cc). I have auc- 
ceeded in separating the two alkaloids tolerahly completely by 
hoth of these methods, but as they occasionally fail I cannot 
further recommend either of them; the first is, however, the 
more preferable of the two. 

By treatment with water coJckkine may be separated from the 
colchicelne, which sometimea accompanies it in Colchicum corms. 
The quantity of solvent used must not, however, be too small, as 
colchiceino is moro soluble in concentrated aqucous Solutions of 
colchicine than in pure water, which diasolves it but very 
sparingly.ä 

Moons,^ Stoeder,* and Hielbig,^ found 40 per cent. spirit 
adapted for the Separation of the cinchonine and ' amorpfuyus 

' Compare m; ' TVerthbeBtimmung,' 66. Even if the gteatei part of tb« 
free amiunnU present be allowed to evaporate, the complete precipitation of 
bnicino ia a, matter of difficultj ; that pnrtion of the allcnloid that remains in 
■olution mnat therefore b« removed bj abaking with beozene. 

" See Hertel, Phann. Zeitsehr. f. RuMUnd, Koa. 13 to 18, 1881 (Huirra. 
Journ. and Trans. [3], xit. 498). 

»Nieuw Tijdachrift voor de Pharm, in NederL, 322, ISflflj 7, WO; 161, 
1875. 

* Arohii- d. Pharm. [3], xiii. 213. 1878 (Jjurn. Chera. Soc. iixitL 281). 

' Kritische Beiirth. der Method. zur Treonung und quant. Best. d. China- 
alkaloide,' Diu. Dorpat, 1880. 
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alkaloid' of cinchona bark. The latter found 1 part of cincho- 
nine dissolve in 1,100 parts of spirit of that strength, but, as the 
Solution obtained in the Separation of the alkaloids is not a 
saturated one, he recommends the addition of 0*0002 gram 
cinchonine for every cc. of such spirit used. He also found pure 
ether (free from water and alcohol) very suitable for the same 
purpose, as it dissolves so little cinchonine that a correction is 
scarcely necessary. The mixture of both alkaloids must be com- 
pletely dried in the water-bath, and then very carefully powdered. 
The Separation of two alkaloids by means of ether may also be 
accompHshed by allowing the ethereal Solution of both to evaporate 




a 




Fig. 8. 

gradually, and, if one should separate in crystals, removing the 
other by slow washing with ether in the form of vapour. By this 
method I succeeded with Marquis ^ in separating ddphinine fram 
delphindidine in perf ectly colourless crystals. 

The flask a, containing the mixed alkaloids (Fig. 8, A), was 
inverted in the wide-mouthed bettle, b, into which about 10 cc. 
of pure ether had been poured. The apparatus was then allowed 
to stand for several days at the ordinary temperature, during 
which ether- vapour from b was continually condensing in a, and 
dropping back into b, saturated with delphinoidine. 

The apparatus figured in 8 B, allows of the process being, to a 
certain extent, regulated ; the funnel a, containing the flask, can 
be raised or lowered at pleasure. 

1 Archiv f. exper. Pathol. und Pharmacol. vii. 55, 1877. 



§ 183. SEPARATION BY PKECIPITATIOK 193 

For tlie Beparatiou of morphine from tmrcoiine by ether, see 
.^ 187. Ether and chloroforni {free from alcohol) can also bo 
iiaed to separate the former from codeine and tiiehdine. Morpliine 
can be aepai'ated from thebaine, codeine, and narcotine, by Üie 
method of Station ; the last tbree are removed by benzene 
from ammoniacal Solution, whilst scarcely traces of morphine are 
dissolved. 

In a similar manner deljphininf. and ddphinöidine may be eepa- 
rated from slaphisagrlne by agitation with ether, in which tha 
latter is insoluble ;' after removing' the first two, staphisagrine 
may be extracted with Chloroform. 

§ 183. Use of Solu, elc. ; Sqmralion of Quinine and Ciiu^wnidine, 
etc^ — Instances of the use of salts in the Separation of alkaloids 
may be foimd in the employment of tartrates for the quantitative 
estimation of quinine and cinchomdine in the presence of quinidine 
and cinchonine (cf. § 184, L); by means of iodide of potossium or 
sodium, quinidine can bo separated from cinehonine and ' amorphous 
idkaloid ' (cf. § 184, IV.). "Wittstein recommended converaion into 
Oxalates in alcoholic Solution for separating strycknine and hradne;' 
quinine may be freed from eincÄOBJdiiw by precipitation as liera- 
paiKiU*{id. S 184, IL). 

The Separation of caiahurine from phjsosiigmine by potassio' 
ntercurie iodide, has already been described in § 174; the same 
method might perhaps bc foasible with chelidonine and sanguinanne.^ 

Chloride of gold can be used in separating muscarine from 
nrrumüine, aa the double sa)t of the former is more aolublo in 
water than that of the latter.^ 

PerMoride if platinum was the saJt used in separating paytine 
from the other bark alkaloids, as the double salt of platinum with 
that alkaloid is very sparingly soluble in water. By means of the 
samo Salt, ammonia may bo separatad from those alkaloids and 
umidcs that yield double salta of greater solubiüty (g 98). It 
must, however, be bome in mind thatcertain alkaloids undergo 

* See the [»per by Mui^u and mjseU previniulj' i|noted. 

' Comp. Moena, (oc. ät.; Jotuumm, Aitihiv d. Phum. i. 418, 1S77 ; 
Hielbig. lac. r«. 

■ ViurteljohresBchrift f. prnct. Fbarm. viil 409, ISäÜ. 

' Cump&re Uanpath, Phiurm. JiiurD. and Trans. [1), xi. 443 ; xii. 6 i de 
Vrij [S], vi. 4SI ; N. TijilBchr. voor de Phuna. 1881 ; Uislbig, loi:. eil. 

' Sw) my ' ChüiD. Wertbbiwtininning, ' 102. 

° Caiapu*e Hanuck, Archiv I. euper. PathoL uud PhanaacoL iv. 82, 1S7S. 
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rapid decomposition when precipitated in combination with 
Chloride of gold and platinum (e.ff. curarine). 

§ 184. Quantüalive Separation nf Several AlMouls from orte 
aiwlber. — Such casea occur in the examination of cinchona barks. 
Älthough several of the many olkaloids in these barks are present 
in auch miDute quantities that they may generally be neglected, 
thei-e are at least five the detection and estimation of which are 
of importaoce in valuing samples. These are qainine, änchonidvne, 
quinidine, ünchomne, and the so-called amffrpkous alhdmd. The 
mixed alkaloids are extracted and estimated aa directed in g 67. 
For thejr quantitative Separation from one another, I proposa 
uaing Moena' method, which has been recognised by Hielbig, after 
numerous experiments, as suitable for the purpose.' 

I. The mixed alkaloids jost referred to are dlBsoIved in acetic 
acidjä withmit the applicalion ofheat, and the Solution evaporated to 
drynesa, care being taken that the residue doBs not tum brown. 
Thia is then diaaolved in the smallest possible quantity of water 
and filtered. From the Solution, which ahould not be evaporated, 
quinino and cinchonidine are precipitated together by (about "5 
of ä gram of) tartratG of ammonia and soda, which is preferabla 
to the Rochelle salt usually used. After standing twenty-four 
houra the precipitate is filtered off, washed, dried at 110% and 
weighed. r6 gram of mixed alkaloids would yield about 30 cc 
of filtrate, and roquire about the aame quantity of wash-water. 
A correction must he mado of 0-000T46 gram of quinine and 
0-000441 gram of cinchonidine for each ec. of filtrate and waah- 
ings, provided that both alkaloids are präsent together. If the 
bark contains quinine alone, 0'00102 gram must be added for each 
cc. ; or if cinchonidine alone, 0'O00S43 gram. The apparent dia- 
crepancy in these figures ia caused by the influence exarciaed by 
the presance of either tartrate on the solubility of the other. 100 
parta of precipitate indicate 79'41 anhydrous quinina or 76'8 
cinchonidine. 

IL To separate quinine from cinchonidine the mixed tartrates 
10 to 93 per cent apirit «intaining 1-6 per cent. 



' Hielbig hm also oiperimonted 
obtained. the best resulte with acet 
chlorio aoid appear specially liable t( 
tttting with tarttute. Whichaver t 
in aoDie «aj be remgved. 



vitb byrlroi^hloric aod ta,rtajic kcids, bat 
!. The Chlorides formed by the Hydro- ' 
cnuBc orrors when aubseqiiently pm^pi- 
iid, however, be choaen, the eicen 
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of sulphuric acid ; the filter used in the previoiie Operation is Etlso 
extracted with apirit of the same atrength. One part of precipi- 
tate should yield about 20 parts of Solution ; from this the quinine 
ia "best precjpitated by the reagent recommeoded by de Vri],i 
which is prepared aa follows : To a aolution of 2 parts of sul- 
phftte of quinoidine in 8 of 5 per cent. aqueous aulphuric acid, 
a Bolutioa of I part of todino and 3 of iodido of potassium in 100 
of water is gradually added with constant stiiring. The flocculent 
precipitate thua produced ie slightly wanned tili it agglomeratea 
into a reainouB maas, which ia then washed with waim water, 
dried, and dtssolved with application of heat in 6 parts of 92 to 9i 
per cent apirit After cooling the liquid ia filtered off and 
evaporated to drynesa, the residue redissolved in 5 parts of apirit, 
again filtered, and the filtrate uaed as the reagent During the 
precipitation of the herapathito with this reagent, the liquid must 
be vigorously stirred to prevent the partial Separation of cinohoni- 
dine in the form of orange Üocks. If that has taken place the 
mixture must be warmed until the precipitate disappeara. Accord- 
ing to de Vrij, eufficient of the reagent has been added when an 
intense yellow colouration makea its appearanee in place of a 
green precipitate of herapathite ; the mixture is then heated to 
incipient ebullition, cooled, and ita \Feight ascertained to allow of 
a correetion for dissolved herapathite being subaequently made. 
Finally, the precipitate is collected on the filter previously uaed 
in separating the tartratea and washed with a aaturated aJcoholic 
sohition of quinine-herapathite. Aiter draining, the funnel is 
weighed with the filter, dricd, and again weighed ; the difforence 
ia the amount of herapathite Solution retained by it, for each 
gram of which, as well as of mother liquor (not washings), a 
correetion must be made of OflOlSS gram of quinine. 100 parta 
of herapathite dried at 100° indicate 68-22 of anhydroua quinine. 
To enaure the aucceas ot the experiment, Jt is absolutely necessary 
that the herapathite should separate in the form of green glitter- 
ing crystals, as otherwiae the solubiUty differs from that here 
stated ; amorphoua herapathite, as well as some of the quinine 
Compounds richer in iodine prepared by Jörgenaen, are far more 
easily aoluble. Unfortunately it aometimea happens, when work- 
ing upon the mixed alkaloida aeparated from bark, that it ia 
impoaaible to obtain the precipitate in this cryatalline condidon even 
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after three or four daya. In thia case a different correction must' 
be made from that above mentioned, viz. 1 in 465, as deterrained 
by Hielbig, instead of 1 in 600. It ia more advantageous to sepa^ 
rate the quinine from tlie greator part of the cinchonidine by 
ether, theo precipitate in the cold and Alter off a( once.^ 

ni. The araount of quinine thus fonnd is calcnlated into 
tartrate, and deducted from the weight of the mixed tartratea 
determined io L ; from the difference the amoiint of cinchonidine 
present can he calculated. 

IV. The filtrate and washinge from the tartrate-precipitate are 
mixed with iodide of aodium (in the proportion of 0'5 gram for 
each gram of mixed aJkaloida), evaporated to 20 cc. cooled, and then 
vigorously stirred. After atanding twenty-four hours, the iodide of 
quinidine, etc., that haa separated, is collected on a smail tared 
filter, transferred to a amall beaker, and triturated with 10 cc. of 
95 per cent spirit, retua-ned to the same filter, and again treated 
with the same quantity of spirit. The reaidue k finally waahed 
with 20 cc. of water.ä dried and weighed. 100 parts of precipi- 
tate correapond to 71 '68 parts of anhydrona quinidine, to which 
a correction of Ö'Ö02481 gram has to be added foi each cc of 
filtrate and washings, 

V. To the filtrate and washings from the last Operation hydro- 
chloric acid is added until perfectly clear, then considerable excesa 
(2 to 3 gramä) of carbonate of soda, and the mixture evaporated to 
dryness on the water-hath. The residue is reduced to the finest 
poBsible powder, transfeiTed to asmall diyfiask, and extracted by 
maceration with pure ether, in auccessive portions of 10 to 20 cc. 
each, as long as any colonr is removed. The ethereal filtrates 
are evaporated, the residue dried and weighed as amorpAous 
olhdoid after deducting the quinine that has escaped precipitation 
as tartrate. 

VI. The portion insoluble in ether is freed from that liquid by 
wanning, and treated with water to remove soda, etc. ; the ctn- 
chonine is thon filtered off, washed, dried at 110°, and weighed. 
Tracea ot that alkaloid adhering to the filter used in filtering the 
ethereal Solution and to ihe sides of the flask, may be dissolved 

' Compore ChnüteiiBen, PhiLrm. Zeitechr. f. EuaBland, ISSl (Fharm. Joura. 
and Trans. [3], xii. 411 ; de Vrij, it!d. 601). 

- The objecC of woabing with apirit is to rediaeolve auj iodide of cinchoDiiw 
OF omorphuuB alkaloid that maj have eeporated out, It is impoitant that tbi 
Telative proportionH of liquid, wash-Bpiiit, »nd waah-water should be obaemd 
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in hydrochlorio acid, added to the aqueous filtrate containing 
Boda, etc., and removod from Solution by ehaking with Chloroform. 
Tho alkaloid thus isolated must be weighed and added to the 
amouDt previoualy found, from whieh snm, however, the cin- 
chonidine and quinidine left in Solution must be deducted if great 
aceuracy is required. 

Hielbig also describeB a seeond prooesa for determining qiiinidine, 
änchonine, and amorphoiis alkaloid, bs follows : 

VII, The filtrate and waahings from the precipitated tartrates 
are evaporated to 30 cc, and for each gram of mixed alkaloids 
0'5 gram of Jodide of eodiiim, diaaolved in 5 cc. of water and 15 
of 90 per cent spirit, ia added, and the whole allowed to stand 
for twenty-four hours in a cool place. The iodide of quinidine is 
then collected on a tared filter, washed with a little watar, dried at 
100°, and weighed. (No correction is necesaaiy for the alkaloid 
left in Solution.) 

VIIL The filtrate from the last Operation is treated as in V., 
but the precipitate prodnced by the soda Solution is here filtered 
off and the alkaloid still retained by the liquid extracted by 
shaking with cbloroform. Both portions are then transterred to 
a beaker, and macerated with 40 per cent. spirit to remove 
amorphous alkaloid. It is best to cool the mixtnre and agitate, 
repeating the treatment aa long aa the spirit becomea coloured. 
The dnrhonine is finally filtered oif, dried, and weighed, 0'000202 
gram being added for each cc. of spirit nsed. 

IX. The aleoholie solutiona are evaporated to dryneas at 110°, 
and from the weight of the residue the quinine, cinchontdine, and 
cinchonine, previoualy reckoned aa 'correction,' deducted. The 
remainder ia to be ragarded as amorphous alkaloid. 

It the bark contain ao little quinine and cinchonidine that 
aftcr the addition of tartrate only Single crystala are depoaited on 
the aidea of the beaker where touched by the glaas rod, in quan- 
tity too amall to allow of their being weighed, it may be asaumed 
that the liquid containa at leaat the amount of alkaloid equal to 
the correction to be made. The actual preaence of quinine may 
be detoctod by the thalleioquin reaction (§ 171) : if that yield a 
poaitive reault, the preaence of cinchonidine muat remain a matter 
for conjecture ; but if the result be negative, the precipitate may 
be aasumad to conaiat of cinchonidine, and ita quantity calculated 
trom the correction to be made. 



The aame courae may be pursued wlien only tracea of quinidine 
are precipitated. 

g 1Ö5. Beliavirntr to Polarked LiffhL — Attempta have also been 
made in examining barks to take advantage of the differences 
the alkaloida ehow in their bahaviour towards polarized light, but 
the requisite accuracy does not seem to have been yet attained.* 
In working with mixtures of the pure alkaloids, the resulta are, 
it is true, very aatisfactory ; but as aoon as the mixed alkaloids 
separated from barks are exämined the errors increase, as even 
small quantities of contaminating impurity can exeroiae a con- 
Eiderable influonce on their action on a ray of hght. 

The moat feaaible is Oudemans' method of eafcimating quinine 
and clttc/mtidine. The alkaloids are precipitated as tartratea, and 
redissolved in hydrochloric acid (to 0'4 gram precipitate about 
3 cc. normal aoid, and water to 20 cc ). Such a Solution of quinin« 
showa a rotation [oi]o= — 215'8°; of cinchonidine [a]n= - 131-3'. 
The calculations may therefore be made according to the fonnula : 



215-aE + 131 -3(100 -a;) = 100(fl)- 

where z is the percentage of tartrate of quinine, and {a)" the 
Bpecific rotatory power of the mixture. 

§ 186. Otker Cinckma Alkaloids.— The following are some of the 
cinchona alkaloids of leas freguent occurrence : 

Aricine,^ the sulphate of which swells up to a jelly in chloro- 

Cusctmiiie,^ the neutral sulphate of which gelatinizes in aqueoiu 
Solution, and does not dissolve in more aulphuric acid. Äcetate 
of cusconino is also gelatinous. 

Quitutmine* Thia alkaloid occurs notably in Cinchona succirubra, 
and genarally remains asaociated with the ' amorphous alkaloid ' 

1 Compara the papera quoted in g 172 hy Oudamana, Hesse and Hiellng. 
For the applicatton of &uorescence, see Keiner, Zeitschr. f. anal. Chemie, ix. 
136, 1870. 

^Compaie Hesae, Ännal. d. Cham, und Fharm. olxzii. G3, 1S7Q (Phlum. 
Joum. wid Trane. [3], vÜ. 331, 1876). 

' See Hesse, Ber. d. d. ehem. Ges. ii. 742, 1878 (Year-book Pharm. 226, 

laao). 

* Compare Hesee, Ber. d. d. ciiem. Gea. i. 2162, 1877 (Year-book Pharm. 
62, I87SI ; Annal. d. Cham, und Phami. cieii:. 333, 1880 (Yeac-book Pharm. 
3i, 1880) ; de Vri], N. Tijdschr. voor de Pharm, en Nederl. 69, 1877. 
Oudemane, AnnaL d. Chem. und Pharm, ciovüi. 135, 1879 (ITear-boolc 
Pharm. S7, 1379; 31,1880). 
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isolatiöd in the examination of the bark. It may be aeparatcd aa 
follows : The inixed alkaloida are dissolved in dilute acetic acid, 
and to the Solution sidphocyanide of potaasium is added until the 
colour 18 only pale yellow. After standing tili perfectly clear it 
is filtered, the filtrate made alkaline with ammonia and shaken 
with ether. The residue obtained by evaporating the othereal 
Bolution 18 then recrystaUized from alcohol. Quinamine dissolves 
in 33 parta of ether, and is also aoluble in boiling petroleum 
Bpirit. The precipitate produeed with chloride of gold rapidly 
decomposes with production of a red colouration. 

For pandne, see g 181 ; paytine, g§ 183, 189. Hesse states 
of the latter that it is coloure<l pnrpliah-red by chloride of gold, 
and red passing to bhie by chlorinated lime. 

For other cinchona alkaloids, see Hesse in the papers, etc., 
already quoted.^ 

g 187. Edimoiion of Opium.— TAauy methods have already been 
proposed for the estimation of the more important opiiim alkaloids, 
I have critioized thera at length in my 'Chemische Werthbeatim- 
mung,' and reatrict myself, therefore, here to recapitulating the 
modification of the GuiboiirtSchacht'a proceas there recommended, 
adding a few remai'ka on methoda that have appeared siuce the 
publication of that woi'k. 

I. Five to ten grama of powdered opium are trituratcd with 
wftter to a very thin paate, macerated twenty-foui houiB and 
filtered, The residue is again treated in the same manner, and 
finally washed on the filter until tho washinga are colourless, 
When dried the insoluble portion ebould not amount to more 
than 40 per cent, of the opium employed. It still containa nar- 
cotine, which may be estimated according to VI. 

IL The aqueous infusione and washings ai'e evaporateJ in the 
water-bath until reduced to ahout five timea the weight of the 

I opium employed, cooled, filtered if necesaary, and niixed with the 
Blighteatpoaaibleexcessof ammonia^ Itiathen vigoroualystiired, 
'C 
Tmni 
'S 
Tcuu 
Cleni 



1 Oompare also B«r, A. d. ehem. Gea. li. 1988, 1878 (Pharm. Juurn. and 

TniiiB. LS], xi. 839, 1881) ; Annal. d. Chem, und Pharm, oov. 19J, 211, 1880 

~rear.book Pharm. 24, 27, 28, 1879 ; 42-44, 1881). 

' SoB Cleftver, Amer, Joum. Phaim. ülviii. 369, 1876 (Phann. Joum. and 

I Truia. [3], vü. 240), and my remarlts in the Jahresb, f. Pharm. ÜB, 1870, 

r Cleavec, wbo also emplaya a modiBcatinn of Llohr's process, recommetiik the 

I CQnum to be previouaJj exhausted with hianlphide of carboD, which remov^ 

I tlubatMlcea that interfere with the lubsequeat Operations. 
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and allowed to stand exposed to the air, with occasional agitation, 
until the excess of ammonia has disappeared (not longer). The 
precipitated mixture of morphine, narcotine, and meconate of 
calcium is filtered off and dried. It should amount to not less 
than 14 per cent. of the opium used. Filtrate and washings are 
treated according to Y. 

UL The precipitate is removed from the filter, reduced to the 
finest possible powder, and macerated with pure ether in a dry 
flask as long as narcotine is removed. The ethereal Solutions are 
filtered through the same filter, evaporated to dryness at 110% 
and weighed, or instead of weighing the residue may be dissolved 
in water acidulated with sulphuric acid, and titrated with potassio- 
mercuric iodide (§ 65). The weight is noted as the amount of 
narcotine soluble in water. 

lY. The residue insoluble in ether is dried and exhausted with 
boiling alcohol of specific gravity 081, which removes morphine, 
and leaves meconate of calcium undissolved. The alcoholic Solu- 
tions are filtered through the filter already used in the extraction 
with ether. The weight of the alkaloid can be ascertained either 
by evaporating to dryness, redissolving in acidulated water, pre- 
cipitating with ammonia, and weighing, or by evaporating, redis- 
solving in dilute sulphuric acid, and titrating according to § 65. 
€k)od opium contains at least 8 per cent. of morphine. 

V. If the morphine is reprecipitated f or gravimetric estimation 
the filtrate may be mixed with the filtrate from II., made alkaline 
with ammonia, and shaken with amylic alcohol. All the morphine . 
in Solution is thus removed, and the amount which escapes preeipi- 
tation in IL is sometimes very considerable. The amylic-alcohol 
Solutions are evaporated to drjnoiess, the residue dissolved in a 
little acidulated water, precipitated with a slight excess of 
ammonia, dried, weighed, and noted as morphine. A correction 
of 0*001 gram for each cc. of mother-liquid may be made if 
desirable. 

VI. If the sample under examination is an opium of good 
quality the insoluble residue from I. will contain narcotine, but 
no morphine. The former may be estimated by extracting with 
water acidulated with sulphuric acid, precipitating with ammonia, 
filtering, washing, reidissolving in dilute sulphuric acid, and 
titrating with potassio-mercuric iodide (§ 65). 

§ 188. Other Methods. — ^Weak spirit was also formerly employed 
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in the place of water for exhausting the opium, and Proctor' has 
recently proposed triturating the opium (13 grams) with water 
(l^-S gram) to a. paate in a wann mortar, adding methylated 
apirit (46 grams) by degrees, and exhausting by percolation with 
tho lattor menatnium. The Solution is evaporated to a syrup, 
mixed with water (63 grams), and filtered. The filtrate ia again 
evaporated (to 6 cc), raixed with an equal volume of methylated 
spirit and slight excflss of anunonia, allowed to stand twelve to 
eighteen hours, filtered and the precipitate waahed, first with a 
raixtiire of equal quantitiea of methylated spirit and water, and 
finally with the latter alone (about 31 grams). Proctor removea 
naicotine with benzene, 

For the approximate estimation of the morphine Prolliua 
recommends extracting the opium with 10 parts of 34 per cent. 
apirit, mixing the Solution with 5 parts of ether and 0'2 of 
ammonia, allowing to stand twelve to twenty-four hours, filtering 

I off, drying and weighing the morphine, which separates at the 
line of demarcation; narcotioe is said to be dissolved by the 

I ether. 

Flücldger^ exhausts 8 grams of powdered opium by agitation 
for twelve houra with 80 grams of water, and Alters tha Infusion 
through a filter 125 mm. in diameter. 42'5 grams of the filtrate 

I are mtxed with 12 grams of alcohol of sp. gr. 0-812, 10 grams of 
ether, and 1-5 caustic ammonia in a tared ilask, and aet aside for 
a day or two, The cryatals of morphine that have separated are 
then collected on a double filter 4 inches in diameter; both flask tmd 
residue on the filter are washod, first with a mixture of 6 grams 
of apirit with 5 of ether, and afterwards with 10 grams of ether. 
The cryatals are finally gently preaaed, retiimed to the flask, dried, 
and weighed. To the amount thus obtained Flückiger adds Ol 

l gram (Mylius 0'088) for losa io precipitating and washing. 
For the rotatory power of opium alkaloJds, soe Hesae.* 
§ 189. Other Alkaloids. — In treating of the moro important 

' Phonti. Jonro. and Tnuw. [3], yii. iU, 1S76 j tüi. 211. 1877. 

' Phann. Zeitung, Noa. 57, 69, 1879 (Pharra. Journ. and Trana. [3], s. 2B4, 
[ 1870). Bea also Van der Bius. Pharm. WeekbL No. 26. 1879 ; Mjliua, 
Archiv d. Pharm. [3]. xv. 310. 1879 (Tear-book Pharm. 22, 23, 1880). 

' Annal. d. Cheio. und Pharm, cbrayi. ISO, 1S76. Sac als» Yvon. Journ, 
da Pharm, et de Chim. xxix. 372, 445, 1879. A papec on the rarer opinra 
alkaloids was published by Heues in the Ännal. d. Chem. aoä. Pharm, cliii, 
*7, 1870 (Pharra. Journ. and Tratw. [3t i. 205, 1870). 
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alkalaida, I hare described such of their properdes only as are oi 
impoTtanee f or the objeet of this work, and refer stodents that 
ma j deaire more minute detaüs to an j good text- or hand4x>ok of 
ehemistiy. I maj be pennitted to gire a f ew literaiy ref erences, 
and make a f ew obseirations on some of the alkaloids with which 
we are less familiär, and abont idiich little or no information is 
to be f onnd in text- or hand-books, in case it shonld be necessaiy 
in the conrse of an analysis to ccnnpare a snbetance with any one 
of them. 

For ergoiinim and pkrosderotintj compare Tanret^ and Blum- 
beig.^ Two Yolmnes of conc. snlphmic add colonr an aqaeons 
Solution of the former, first red, then bluish-yiolet, of ihe latter 
yiolet With an eqoal Tolome of Fröhde's reagent, both are 
eolonred violet, passing to blna Both can be extracted from 
Solution by agitation with ether. The ktter, which is resinous 
and Tery sparinglj solnble in water, ia possiblj a decomposition- 
product of the former. 

For eurariney which is freely soluble in water, see Preyer* and 
Sachs. ^ This alkaloid cannot be removedfrom Solution by shak- 
ing with ether, etc. Its reactions are described in § 171. Chloro- 
form extracts small quantities (sufficient for the reactions and 
physiological experiments) of the alkaloid from the residue 
(finely powdered) obtained by evaporating its aqueous Solution. 
(Compare also ^ 64, 68, 182.) 

For erythrophlaine see Grallois and Hardy.^ It is soluble in 
water, can be extracted by shaking with acetic ether, and is 
coloured yiolet by sulphuric acid and permanganate of potassium. 

Loheliine, see Lewis and Eichardson.^ (Gf. § 56.) 



1 Repeit. de Pharm. N. S^r. iü. 308, 1875 ; v. 226, 1877 (Pharm. Joarn. 
and Trans. [3], vü. 249. 1876 ; vL 522, 1875). 

* Ein. Beitr. z. Kenntniss d. MuUerkomalk. Dias. Doipat, 1878 (Pharm. 
Jonm. and Trans. [3], ix. 23). 

' Zeitschr. f. Chem. vi 382, Compt. rend. L 1828, 1865. See also Koch, 
' Vers, über die Nachweisbarkeit d. Curarins in thier. Flüssigk. und Geweben,' 
Diss. Dorpat, 1870, and my * Beitr. z, gerichtL Chem.' 170, St. Petersboig, 
1871. 

* Annal. d. Chem. u. Pharm., cxcL 254, 1878 (Joum. Chem. Soc. xxziv. 
517). See also my observations in the Jahresb. f. Pharm, for the same year. 

» Union Pharm, xvii. 202, 1876 (Pharm. Joum. and Trans. [3], viL 77, 
1876), also xix. 359, 1878. 

« Amer. Joum. Pharm. 293, 1872 ; Pharm. Joum. and Trans. [3], viü. 661, 
1878. See also my * Beitr. z. gerichtl. Chem.' 18. 
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Conessine or wrightine, eee Haines' and Stenhouse.^ It ia very 
sparingly soluble in aloohol, ether, aad biaulphiils of carbon. 

Harmaiine and harmine, compare Pritsche.^ The former yielda 
yellow salta with acids — the latter colourlesa. Both are some- 
what aparingly aoluble in alcoboL 

Surinamine is also sparingly soluble in spirit. {Comparo Hütten- 
sohmidt and Winkler.') 

Aribine, see Eieth.^ It is sparingly soluble in ether, as is also 

Ath^o^ermine, compare Zeyer ;" and Ehmidine, compare Hesse.^ 
The latter is colourless, bnt is converted by dilute acids loto 
deep red rhceagenine. 

Violine, compare Boullay;^ for heberine, see Maclagan ^ (oi g 171); 
for bdladonnine,Bee Hübachman ;'" for cocäine and hygrine, compare 
Niemann, Wöhler, and Losaen." Concentrated hydrochloric acid 
decompoaee cocaine into benzoic acid, and the alkaloidal ecgonine. 

For chlorogenine aad porphjrine see Hesse. ^^ Chlorogenine in 
acid Solution showa a powerful blue fluorescence. 

Gorydaliiie, compare Wackenroder, Müller and Leube, Boedecker 
and Wicke.'* The alkaloid dissolves in conc. snlphuric acid, with 
dark red colouration. 

Cytisine, compare Huaemann and Marma^* 

' Pharm. Jouro. and Trane, [2], vi. 432. 

= Ibid. [2], V. 493 ; Schweizarisclie WDOheoachrift f. Pliarm. 172, 174. 
1865. 

' Chem. Centralblatt, 1847-19. 1853, 1854. Seo also Goebel, Annal. d. 
Chem. und Pharm, xxxviii. 363, 1641. 

* Gmelia'B ' Handbook of Chumiatry.' 

■> Chem. Centralblatt, 903, 1861 (Amer. Joom. Pharm, xxxir. 395). 

' VierttitjBlireBBchr. f. pract. Plianu. i. frl3. 1861 (Amer. Jotim. Fbaim. 
XKxiv. 166, ixxv. 453). 

^ Annal. d. Chem. und Pharm. (Suppl.) it 
1869 (Amer. Joum. Pharm, itixvüi. 568, xu 

» Bapert f. Pharm. kxkL 37. 

■ Annal. d. Chem. und Pharm, xlviii. 1D9, 1843 ; 1v. lOS, 1845 (Phnrm. 
Joum. and Trane. [1], iii. 177 ; V. 228J. 

'" Viertel jahresachr. f. praot. Pharm, viü. 126, 1859. 

" Ibid. ix. 48S, 1860 ; Annal. d. Chem. und Pharm, cxxi. 372, IS62 (Amer. 
Joura. Pharm. ixxiL 450, ixxiü. 122, ixxiv. 406). 

^^ Annal. d. Chem. und Pharm. (Suppl.} iv. 40. MüIIer'B alatonine tcom 
ALitonia constricta is pmbably a miiture of theae twa olbaloids (Hesie), 

" Arohiv d. Pharm, xüx. 153, 1847. Viertel jahresBchr. t. pract. Pharm, 
viü. 536, 186B ; ix. 524, 1860. AnnaL d. Chem. und Pharm, cxxxvü. 274, 
1866. (See Bentlej, Phano. Joum. and Trana. [2], iv. 343, 1862 ; Amer, 
Juum. Pharm, iiiill, 112). 

>• Chem. CentralbUtt, 781, 1865 ; and N. Jahrb. f. Pharm, xxxl 193, 1800 
(Pharm. Jouni. and Tnuu. [3], i. 682, 1871). 
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IHtamine (echitamine), see Gorup Besanez, and Hesse;' for 
diidineBee Harneck.ä The latter is glucosidal, like solatiine, and 
asaiiniBS a flesh-colour when treated with conc. sulphuric acid, 
whereas ditamine turas splendid purple. 

Geissospermine and aspidospermine, compare Fraude.* The latter 
yields a deep violet aolutioa when warmed with excesa of 
perchloride of platinum ; heated with dilute sulphuric acid and a 
little chlorate of potash, or with perchloric acid of sp. gr. 1-13, it 
tiima deep red ; with sulphuric acid and peroxide of lead, brown, 
changing to cheny-red. If not quite pure, in the latter case a 
violet colour ia produced. At a temperature of 14° aspidosper- 
mine dissolves in 6,000 parts of water, 48 of 98 per cent spirit, 
and 106 of ether. 

Duhamarine, see Wittatein;* alkaloid in Eschsckolizia, see Walz;^ 

1 Annal. d. OtiBin. oDiI Pharm, ckxvi. 88, 326 ; olxxvÜi. 49, 1875 (Pharm. 
JoDrn, and Trans. [3], vi. 142, 1875). Ber. d. d. ehem. Ges. lüi. 1841, 1880 
(Year-book Pharm. 171, 1831). 

ä Archiv f. oiper. Pathol. und Pharmacol. vii. 128, 1877. Ber. d. d. ehem. 
Gee. si. 2004, 1878 (Year book Pharm. 188, 1878) ; ibid. itiü. 1645, 1S80 
(aee also Pharm. Joum. and Trans. [3], vüi. 803, 1878; ni. 331, 1870). 
SGh»lt!e'a aktonioe (QesBe's aletunaniae) from Aletouiit spestAbilis app«Etra to 

be cloBely allied to ditamine, but cryatallizea with facilitf . 

' Ber. d. d, ehem. Ges. ni. 2189, 1878 [Year-book Pharm. 193, 1879) ; ibid. 
xii. 1568, 1560 (Phann. Joum. and Trana. [3], x. 712, 1880). See also my 
observations ia the Jahreab. t. Fbann. 120, 1878; and Hosaa, ibid, 115, 
1877 (Pharm. Joum. and Trana. [3], vüi. 648, 1878). The name geiBsoaper- 
mine appeara to have been applied to two different alkaloida, of which the one 
discovered by Eesae jielda reactiona closely resembliog those of aspidosper- 
mioe (red colouration with tiitric acid, etc.). HeBse's geissoapenuine produces 
a splendid red colour with sulphuric acid and bicbromnte of potassium, blue 
with sulphuric acid and ferric ealts, deep blue with Frühde's reagent, and 
changea the colour of cliloride of gold Solution to a deep red. It can be 
romoved from aolutiOD by shaking with bonzeoo or Chloroform, and ia accoia- 
panied b; an alkaloid which is easily solnbls in ether and turns raddish- 
violet with sulphuric acid. Tbe identity of aspidospermine and paytine 
already alluded to (§ 186) ia contested by Hesse. The eame chemiat haa also 
lately discovered a second alkaloid in quebracho, which he calla quebrachine ; 
it Is coloured blue with sulphuric add and peroxide of lead (Ber. d. d. ehem. 
Ges. xiii. 2308 ; aee Pharm. Joum. and Trana. [3], itii. 704). In eiamining 
quebracbo bark, I noticed that Chloroform extracted from acid Solutions (g S5) 
a amall quantity of an alkaloid giving the reaction of aspidospermine. Solu- 
tions reodared alkalina with ammonia yielded to petroleum apirit and beniene 
a mixture that reacted like aspidospermine with sulphuric acid and cbloiate of 
potaah, but was coloored splendid violet by Fröhde's leagent, and behaved like 
strychnine to sulphuric acid and bichromate of potash. Compare alao Arata, 
Actaa de Ia Acad. nao. in Buenos Aires, 1881 ; Hesse, Annal. d. Chmu. u. 
Pharm, ooxi. 24B, 1882, 

• Pharm. Vierteljahresachr. i. 371, 495, 1850. Cf. § 167. 

' N. Jahrb. f. Pharm, vüi. 223, 1857 (Ämer. Jouro. Pharm, miv. 828). 
Compare aJso my ' Bnnittelung d. Güte.' 



g 190, AMJDES; AMANITINE, ETC. 205 

yhudne, see Probst;* fumarine, see Pommier, Hannon, and 
Preusa;^ gekemine, see Eobbins' (cf. ^ 55, 171); hydrastine, 
aee Venmü ;* jvruhebine, see Greene;^ loturiiie, see §168; meni- 
spermine and paramenispeTmiTie, aee Szteyner;* oleandrine, see 
Leukowsky;'' oxyaaiTUhine, aee Polex;^ pelläierine (punicine), see 
Tanret' 

Pereirine, aee Goos.i" It dissolves with purple colour in nitric 
acid. 

Sparteine, see Mills (cf. § 55);^^ taxine, see Marmö (cf. g§ 55, 
171) ;'^ lycopodine,^^ nupfiarine.^* 

§ 190. Amides. — The foUowing are amides of less complex 
Constitution occasionaliy met with in plants : 

Amaniiine, which may be distinguished from muscarine by tho 
properties ot the gold salt (§ 183) and by the negative reaults 
of phyaiological experiments,^'' It is isomeric, but not identical 
with choline {neurine, sinkahne), and ia converted into muscarine 
by the action of nitric acid, whereas, under similar conditions, 
choline yields heldine { = butylalanine and oxynenrine). Musca- 
rine differs from betaine in being more powerfully alkaline,!^ 

I AnnaL d. Chem. und Fharm. xxix. 120, ixxi. 260, 1838 {Ämer. Jonm. 
Phftno. iiiiii B). 

'N. Espert, f. Pharm. Ü. 4B9, 1853; TierteljahrBBsclir. l. pmot Pharm. 
iii, 6S, 18Ei2 ; Zeitaohi. f. Chem. ü. 414, 18S6. 

ä JfthrsBb. f. Pharm. 152, 1878 (Amer. Joum, Pharm, 191, 1876). Bobbim 
identified the ao-called geUenuc acid with aescnlin. 

' Pharm. Jonm. aad Trans. [2\ iii. 546, 1862. See also Mahla, Saaro. t 
praot. Chem. ici. 218; Preacott, Amer, Jomn, Pharm, xlvii 481, 1875; 
Haie, ibid. 247. 

* Amer. Joum. Phano. ilii. B08, 1877. 

' Jahreab. f. Pharm. 141, 1878. 

' Ibid. ilvi. 397. 

" Archiv d. Pharm. [1], vi. 271, 1824 (Amer. Joirni. Pharai. xxxiiL 456). 

' Joum. de Pharm, et de Chimie, xxvüi. 1S8, 1878 (Pharm. Jonm. Hnd 
Trana, [3], ii. 450), 

'° Chem. Centralblatt, BIO, 1839. Compare aJeo Peretti, Joum. de Chim. 
med iJivi. 182, 

" Annftl. d. Chem. und Pharm, oiif. 71, 1862. 

" Jahresb. f. Fharm, 93, 187S ; compare qIbo 636, 1878 (Pharm. Joum. and 
Traoa. [3], 893, 1877). 

'" Annal. d. Chem. und Pbanu. ccviii. 363, I8S1 (Pharm. Joum. and Trans. 
[3J. xii. 280, 1881). 

" Gr^ing, loc. dt. 

" Compare Schmiedaberg, Eer. d.d. ehem. Gea. Ii. 693, 1871, and Hamack, 
loe. cU. (Pharm. Jeum. and Trans. [2], xi. 365, 1S6S). 

" For betalne see Scheihler, Ber. d. d. ehem. Gea. ii. 202, 296, 1869 ; ideatity 
with oiyneorine, ibid. ÜL 16£; with Ijcine see Huaemann, Stihweiz. 
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Choline and amanitiae are alao tolerably strongly alkaline. The 
double aalt of platinum and choline is precipitated by alcohol 
from aqueous Solution (coataina 31'75 to 33-27 per cent. Pt.) ; tbe 
gold double salt ia aparingly soluble in cold water, more freely in 
boiling (contains 44-25 to 44 '9 per cent Au,), The gold and 
platinum double salts of betaina aje freely aoluble in water, and 
especially so in alcohol, but more spaiingly in ether. 

§191. Asparagine. — This snbstance reqmres 40 parta of cold 
and 4 of warm water for Solution, and is insoluble in absolute 
alcohol and in ether. It cryatallizea in colourleas rhombic prisnaa. 
Boiling with hydrochloric acid. resolves it into aspaxtic acid and 
annnonia, a reaction upon which Sachsae^ based the foUowing 
mathod for the cpianlilalive estimation ■';— 10 grams of the powdered 
substance are boiled for a quarter of an hour with 200 cc. of a 
mixture of equal volumea of alcohol and water, in a flaak pro- 
vided with an upright condenser ; 5 cc. of a cold saturated 
alcoholic Solution of mercuric chloride ai'e diluted with 5 cc. of 
water, and added to the mixture whilat still hot, the whole thrown 
on a filter, and washed firat with hot 50 per cent. spirit, and 
finally with cold water. The filtrate and washings are evaporated 
to dryness, the residue rediasolved in the smallest posaible quan- 
tity of water (not more than 50 cc), from which Solution the 
mercury is precipitated with sulphuretted hydrogen. The sulpüde 
of mercury is filtered off and waahed with hot water until filtrate 
and washings measure 110 to 120 cc. This liquid ia then mixed 
with 10 cc. of hydrochloric acid and boiled for an hour (with 
upright condenser), by which the asparagine is decomposed into 
ammonia and aspartic acid ; it is then cooled in an atmosphere 
free from ammonta, and made slighüy alkaline with pure potash. 
The ammonia produced may be estimated gaaometrically by 
Knop's method ; 14 parta by weight of nitrogen indicate 132 of 
anhydroua asparagine. For asparagine, aee also ^ 97, 210. 

The microseopkal dekäion of asparagine may be effected by 
tating advantage of its insolubihty in absolute alcohoL Crystal- 
üne deposits of that aubstance are usually formed when freah 
aections of plante containing it are placed in alcohoL After being 
dried they are insoluble in a cold saturated aqueous Solution of 

Wochensoiir. 1875 (Amer. Journ. Pbarm, 209, 1875). Compar« also Annal. 
d. Cbem. und Pharm. (Suppl.) Ü. 383, üi. 245, ISU. 
' Joum. £. praot. Chem. vi. 113, 1673 (Journ. Cham. Soc. nri. 652). 
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asparagitie, and melt at 100° to a homogeneous mass easily soluble 
in wator. Should the addition of alcohol not be foUowed by tba 
immediate formation of cryatals, Borodin reconmiends covering 
the object with a coveralip, allowing the spirit to evaporate, and 
then again looking for crystala. 

Schulze and Ulrich detected glutamine in beet-juice by preoipi- 
tating with a alight excess of basic acetate of lead and filtering. 
To the filtrate whieh contains the glutamine, hydrochloric acid is 
added in the proportion of 25 cc. to a litre ; on boiling for two 
houra the glutamine is decomposod, like aaparagine, into ammonia 
and the coiresponding acid (glutamic acid). The greater part of 
the hydrochloric acid ia now removed by concentrated Solution 
of acetate of lead, and to the filtrate basic acetate of lead ia 
added until the precipitato first formed is rediaaolved, with the 
exception of the remainder of the chlorido of lead. The lead 
salt of glutamic acid is then precipitated from the filtered Solu- 
tion by the addition of alcohoL It is coUected, decomposed 
with aulphuretted hydrogen, and filtered from the sulphide of 
lead. After expelling the excess of sulphuretted hydrogen 
from the liquid, oxide of silver is added to remove any hydro- 
chloric acid present, the Solution freed from ailver by eulphuietted 
hydrogen, and evaporated to crystallfzation. The glutamic acid 
thuB obtained may bo purified by converaion into a copper salt 
and regeneration by sulphuretted hydrogen. The presence of 
glutamic acid was confirmed by Converting with nitrous acid into 
the corresponding oxy-acid, from which pyrotartaric acid was 
obtained by the aetion of hydriodic acid. 

The last portion of glutamic acid from the crystallization of 
the cradc product was found to contain aapartic acid.^ 

Glutamine may be esümaled qvanlüaiively in the same maimer 
as asparagine. 

For the quantUaiivt ditemiinatum of aspara^ine, leaäne, tyrmne, 
etc., see also g 241. 

% 102. Lew^ne. — This substance has also beea detected in 
ccrtain planta.* It may be separated from albuminous substances 
by dialysis, and if present in Solution with usparagine, will be 
found in the mother-hquor after the crystallization of the latter. 

1 CotDpare ZeitBohr. t. anal. Choin. ivü. 104, 1878. 

* Conipare, for Instance, Gornp Bcsanez, Bcr. d. d. cbem. Gea. vii. 146, 
609, 1874 (Jouni, Chem. 3oc. utÜ. 491). 
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It is characterized by crystallizing in sphtero-crystals, hy its be- 
liaviour to water and alcohol {diasolves in 37 parta of cold, and 
eaflily in warm water, in 1040 of cold 96 per cent, spirit, and 
800 of boiling 98 per cent), by its power of diasolTing oxide of 
copper, and by yielding leucic acid when acted upon by nitrous 
acid. 

I have already directed attention to the identity of the cheno- 
podine obtained from decomposing yeast with leucine.'^ Gorup 
Beaanez has made the same assertions of the chenopodine from 
Chenopodium album. 

Tyrosine, aa well as leucine, has lately been detected in plants, 
especiallyin germinatingseeda.- Aqueoue extracta of the material 
nnder examination are concentrated, precipitated with alcohol, 
filtered, freed from alcohol by diatillation, evaporated to a syrup, 
and allowed to stand, whe'n the tyroaine separates out in groupa 
of warty crystals. By recrystallization from ammoniacal alcohol 
it may be obtained in acieular crystals. Solutions of the latter 
deveiop a rose-colour with mercuric nitrate and a little nitrous 
acid. Warmed to 50° with concentrated sulphuric acid (half-hour), 
and saturated with carbonate of barium, it yields a maas which 
asaumes a fine violet with ferne chloride. 

Batankin agrees with tyrosine in most of its reactions, especially 
the two just deacribed. It is almost insoluble in cold water, 
alcohol and other, sparingly soluble in boiling water, but freely in 
aminonia. Suspended in water, and then warmed with a little 
nitric acid, it disaolvea, paasing, as it doea so, from roae to mby- 
red and blue, turning finally green witb red flnoreacence. ' 

VEGETABLE MÜCILAGE. 

§ 193. Vegeiabte Mucilmje, Feciin, etc. — The aubatancea desig- 
nated by thcse namea are a aoiirce of much inconvenience to the 
analyat, due probably to their occurring in various modifications 

' Compare Bergman, 'Daa putride Gift,' Dorpat Glaser. See nJao RelüBcfa, 
N. Jahrb. f. Pharm, xivii. 123, 1867. 

" Campare Schulze and Barbieri, Ber, d. d, ehem. Gea, x. 199, xi. 710 
(Jonrn. Chem. Hoo. ijtiiv. 863). 

' It in Dotonoua that latsnhiii doea not occur in rhatany-root, and that its 
preBenoe in certain samplea of commercial extract o£ rliatany ia due to adultara- 
tion. Compare also Kreitmair, Jahresb. f. Pharm. 138, 1874 (Year-book 
Pharm. 90, 1S75). Gintl believes ratanhin to be identical with angelin from 
Parreira spectabilifl (Zeitaoht. d. üflterr. Apoth. Ver. 32, 1869). 
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g greatly from one aaother in solubility, etc. The majority 
of them are charaeterized by a oertain diaposition to combine with 
lime, potash, etc., and thia has led to their Classification with tho 
weak organic acids (arabic acid, etc.) ; in fact, some of the differ- 
encea in solubility, etc., seem occasionaüy to depend directly 
upon tho quantity and quaÜty of the basea with which they are 
combined.^ 

But other aubstances, such aa albumen, tannin, etc., that aimply 
accompany the poctin and mucilage, can also exerciae an influence 
on tho behaviour of the latter to solvents. On this account, and 
because, as a ruie, such raatters aa mucilage diffuse but alowly, it 
is not always possiblo, in cxtracting vegetable aubstances with 
water according to § 7 1, to be certaio that all the mucilage (arabin, 
etc.) soluble in water hos really passed into Solution. If heat wera 
eraployed, the amount dissolved would certainly be increased, b»t 
at the same time other and more serious errors would be intro- 
duoed. 

One such source of error ia to be foimd ia tho presenoe of 
carbohydrates closely allied to soluble mucilage, but diSering 
from it in only awelling (not disaolving) in cold water (metarabic 
acid, etc.). These carbohydratea are of frequent occurrence in 
plants. Prolonged heating with water gradually dissolves them. 
En'or would also be caused by carbohydrates like lichenin, 
caraghin, starch, etc., hot Solutions of which gelatinize on cooling, 
as well aa by other aubstances. 

g 194 Modißed Method of Examinathn for Mucilage, etc. — Forthe 
reaaons given in § 193, 1 think it is preferable to extract with 
cold water, and estimate the mucüage and albumen in the Solution 
prepared according to ^ 71. The washings mentioned in that 
section should be evaporated to a syrup, in which a similar deter- 
mination of mucilage and albumen should be made. Xf the 
material haa been macerated with exactly 100 cc. of water, and 
65 cc. of filtrate have been obtained (uaed for the first determina- 
tion of albumen, etc.), then 35 cc. must be retained by the reaidue 
and filter.and these 35 cc. must be extracted by the washing. If the 

■ ThiB ww clearly tbe caae in peon;-Beed (Archiv cL Pharm. [3], xir. 42S, 
1879 ; Joum. Chem. Soc. xjtxv. 10i3). Treatment of the seod with alcoholic 
tutalio seid rcndered far more arabic Bcicl soluble in water tban it was 
poMible to extract by direct treatment with the lattcr menatruum. It had 
evidantly been liberated from combination by tartaric acii), and rendered 
■oluble iD water. 

li 
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extraction has been complete, the amount oE albumen, etc., in tlie 
washings must be tbe same bm that in 35 cc. of the first ßltrate 
(whioh may be calculated from the fivst eatimation) ; but should 
the waßhin^ contain more than the coiresponding quantity of 
filtrate, the excess must bo added to ths total of the analysis. 

g 195. Ükaraders of Soluhle ilacilage. — Apart from their being 
dissolved by water and precipitated by alcohol from aqueous 
Solution, vegetable gum, arahin, arahic or gummic acid, ia also 
characterized by being converted into glucose when boiled with a 
dilute acid. It must, howöver, be obaßrved, that the vanous 
arabic acids, according to their origin, yield gluco&es differing to a 
certaiu extent from one another, some being more powerfully 
dextro-, othera Itevo-rotatory ; some crystallizing with f acilily, 
othera again not at all, or only with difficulty, or paasing first 
tbrough an intermediate stago as dexlrin (aoeording to Kirchner 
with Bimultaneous production of cellulose). By meana of these 
properties, vegetable miicilages of particular origin can sometimes 
be accurately deaciibod. Some yeara ago it was showu by 
Schoibler^ that the arabic acid of beet-root yielded, on inversioii, 
a considorable quaatity of dextro-rotatory arabinoae, whlch 
crystallizes with euch facility that it was at firat thought to ba 
mannite. 

Kiliani has recently asserted the identity of arabinose with 
Iftctosa Many vaiieties of gum arabic also behave lue arabic 
acid, whilst some whicb are not otherwise distinguishable from 
good gum, differ in yielding laavo-rotatory non-cryatallizablo 
glucose. In addition to these, B^eham])- has recently discovered 
a 'gummicase' which appears to be alÜcd to galactose (§ 205). I 
am almost inclined to think that a minute investigation of these 
properties might enable us to disünguish between the various 
f orms of vegetable mucUage aoluble in water.* 

The examination of the oxidaUon-producls obtaiaed by the 

' Ber. d. d. ohem. Gea. vL 612, 1873 ; Jonm. f. pract. Chem. oüL 458, 
18eS(Jouni. Chem. Soc. uvi. 1134). See also Neubauer, Johresab. f. Ptuum. 
6, 1354. und Gntger, ibid. 218, 1S73. 

' Ctimpitte Biichamp, Journ. de Pharm, et de Chim. xivii. 61, 1S78. 

' Id geaeral it a>a,y be said that the action af dilute adda muet be oontlaiied 
for a loDger time to coDTert vegetsble mucilage (arabio) into glucose tbui is 
Qsceaaar; für deKtriu, triticin, eto, But it muat be left für fitrthcr experi- 
mtata to show to what eitent the amount of glucoae produced maj be takcn 
aa an iodication of the quutitj of aratun origioall; present. 
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action of nitrie acid may also result in tho discovery of diatinctive 
properties. Special attention should be directed to the presence 
among theae oxidation-products of mucic acid, and to the quantity 
in which it is yielded. 

The action of aqueous Solutions of these mucilaginous aub- 
stancea on polarized light also requires further investigation, It ie 
at all events certain that some arabina are powerfully leevo- 
rotatory (cf. § 146), othera feebly so, whilst some again are deitro- 
rotatory. 

By the action of hydrochloric, or tolerably dilute Bulphnric 
acid, or spirit cootaining 10 per cent of the latter, arabic acid ia 
converted into metarabic acid (§ 236) which is characterized by only 
SwelÜDg in water. Thia modificatign can be converted into arabic 
acid by boiling with a very düute non-oxidizing acid, a little sugar 
being simultaneously produced. A similar change to arabic acid 
takes place when metarabic acid is triturat«d with sufficient lime 
or baryta water to dissolve it, a lime or baryta aalt of arabic acid 
being tormed. 

Arabic acid agrees in its essentiai propertiea with metapectic 
acid, and approaches pectic acid in such a maaner as to allow of 
the conjectnre that the latter, when examined in a state of purity, 
will prove identical with it; in fact, I am of the same opinion as 
Reichardt' and others — viz., that the so-calied pectin substancea 
are notldng eise than the varioua forma of vegetable miicüage and 
its neareat allies. 

The insolubility of these mucilaginous and ' pecfcinons ' sub- 
Btances in alcohol and cther, and the property they possesa of 
awelling in contact with water, allow of their detection micro- 
scopiaill!/. They are generally coloured yellow by iodine water 
(for alUed substances coloured blne with iodine, see § 244). 
Aniline violet colours vegetable mucilage red. 

g 196. Fiirietkif of Gun ./^mtic.— Maaing ^^ has puhlished com- 
munications on the behaviour to reagents (g 73) of arabic acid, 
and differcnt varietiea of gum arabic, and ita more important 
surrogateB. It appeara that 10 per cent aqueoua Solutions of 
these substances are not precipitated by cold saturated Solution of 
acetat« of copper, 10 per cent. acetate of lead Solution, or by ferric 

' Arohiv d. Pharm. [3], .. 116, 1877 (Jonm. Chem. Soc. xirii. 502). 
' Archiv d. rUarm. [3], xv. 216, 1879; ivji. 3*, 1880 (Ye»r-book Phirm. 
jei, 1861 ; JoiuTi. Chom. 3qo. il, 212), 
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cMoride of sp, gr. 1 -2 ; o. cloudmess or precipitate produced in 
some samples {e.g. Feronia'elephaBtmn) is probably due to con- 
tamination. Silicate of pota«h (1 part of thick soluble glass 
diluted with 20 parts of water) produces in Solutions of gum 
arabic, and moat of its aurrogatea, a cloudinesa or precipitate 
which partially or whoUy redisaolves on adding excess. Arabic 
acid remains clear, or beeomea only slightly turbid. The same 
reagent does not precipitate the partially soluble gum from 
epecies of Cactua, Cedrela, or Ehizophora, or solutions of the giim 
from Acacia catechu, A. leucophlrea, and apecies of Albizza, 
Azedirachta, Odioa and Conocarpua. A 2 per cent. Solution of 
stannate of potash yields reactions resembling in genei-al those of 
Silicate of potash, but produces in Solutions of arabic acid a pre- 
cipitate that redissolvea in exceas. A 10 per cent. Solution of 
neutral aulphate of aluminium givea, aa a rule, a precipitate, and 
this is in many cases soluble in caustic potash of sp. gr. 1'13. 
Baaic acetate of lead also produces a precipitate, which is generally 
partially or wholiy soluble in excess. 

§ 19T. Separation frum Dexirin, etc. — The behaviour of the miici- 
laginous subatancea aolublc in water to basic acetate of lead 
fumiahea us with the means of gettiag rid of them, ahould we 
wish to make optical or chemical experiments with extracts of 
vegetable substances for the deteäüm of glucose, Saccharose, dextrin, 
triticin, etc. (cf ^ 76, 83); care muat be taken, however, not to 
add any large exceaa of the precipitant. If this precaution is 
observed, auch substances as arabin and dextrin ean, I think, ba 
more completely separated than by the precipitation with alcohol, 
rocommended in g§ 75, 76. In tho latter, ethylic alcohol cBn, as 
I showed some yeara since, he replaced by methylic' 

DEXTRIN, TRITICIN, SINISTRIN, LEVULIN. 

§ 198. Cltaraders. — Theae carbohydratea are all eaaily converted 
into glucoaea (g 76) by dilute acids. Bexlrin may be diatinguiahed 
by ita jdelding grape-sugar, whilst triticin, siniatrin and levulin 
are converted into levulose, and are also characterized by their 
behaviour to baryta-water (see a!ao g 77). Levulin ^ is optically 



I Pharm. Zeitachr. f. EusBUnd, iv. 152, 18C6 (note). 
" Compare Wejher v. Eeidemeiater, 'Beitr. 
BiHB. Doipat, 1830. 



§S 198, 199. COMPOSITION' AND BSTIMATION. 213 

inactive ; sinistrin and triticin ^ differ from one another in tho 
extent to which they deviate a ray of poiarized light. Triticin 
reduces Fehling's Solution rapidly, but lovulin and sinistrin require 
long boiling before ciiprous oxide separates out (levulin, 1^ hour). 
Theao three carbohydrates also differ in the rapidity with which 
they are converted into glucose when heated with pure water in 
sealed tubes. Triticin is here tho first to undergo a partial trans- 
formation into sugar, Levulin is more easily converted by yeast 
into carbonic acid and alcohol thaa is either triticin or sinistrin. 

§ 199. Älcoltolates of the foregwag Carbohjdroies, Composüüm, 
QuaniilaHve Estimatvm, etc. — The precipitates of levulin, triticin 
and sinistrin produced by spirit retain notable quantities of 
alcohol in such a manner as to necessitate the inference that 
distinet dlcoholaies have been formed. Eveu after standing for 
three montha over sulphuric acid the levulin Compound had not 
lost all its alcohol, whilst in a partial vacuum it had disappeared 
in the courae of two months, Prolooged hcating to 110,° a 
temporature at which the akoholate melts, is suiScient to cause 
tho gradual expulsion of the alcohoL 

In Qstimating the four carbohydrates in question by calcidation 
from the amount ot sugar yicided by the action of dilute acida, it 
must be remembered that the composition of dextrin, sinistrin 
and levulin, dried at 100°, has been found by analysia to cortes- 
ponJ to the formula CuHidOj, but that triticin dried at 110° 
has the same composition as cano-sugar : viz., CjaHg^O^j. 

In these caaes the glucose (g 76) ia better estimated by Fehling's 
Solution (§ 83) than by polarization (g 208), Solutions of levulin, 
triticin and einiatrin, although inverted with dilute acids only, do 
not always show an angle of rotation-lOG" to 107° {% 205), even 
if the Solution be ncutralized, evaporated to dryness, redissolved 
in cold water, and tested immediately. On cooling the Solution 
after inversion and examining at once, levulin yiolded, in the 
most favourable instancea, a sugar with a rotatory power of 81°, 
triticin, 94°, and sinistrin, 96° ; and it was only by conducting 
the invei'sion in sealed tiihea that ßeidemeister obtained for 
triticin-BHgai- a rotation of 106 'S", intlicating the presence of 
pure levulose.^ 

' For mycodextrin »nd mydnulm aee Ludwig and Busae, Archiv d. Pharm. 
olixiii. 24, 1889. 
' Oumpare Beidsmaiiter, foe. äl. 
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For the complete i'nveraion of 1 to 1-3 grams of carbohydrate 
disBolved in 35 cc. of water, 5 to 6 drops of hydrochloric acid 
{33 per cent.) were foimd siifficieat ; in the case of levulin, two to 
tvro and a half houra' boihng ig required, wbiht triticin 13 com- 
pletely converted in twenty-five to thirty minutea (Reidemeister). 

To obtain accurate reaulta the acid muat be as dilute as possible, 
and the action stopped as soon ae the Inversion is complete. Hera, 
as in many other inatances, hydrochloric acid seema to be pref» 
able to sulphuric ; conaiderable quantitiea of sugar (20 to 30 per 
Cent.) may otherwise be lost hy secondary decompoaitiona, and in 
conseqnence the estimation of the carhohydrate be attended ■with 
reBulta inacciirate in the extreme. 

For tho estimation of glucose by titration, see §§ 83, 84. 

For dextrin, see alao § 200, 201, 203. 



GLUCOSES, SACCHABOSES, ETC. 

§ 200. Ddedion of Grape-sugar. — To detect grape-sugar (^ 70, 
83 to 88), Mulder ^ makea uae of its reducing action on indigo. 
The Solution to be examined is rendered faintly blue witb aulphin- 
digotic aeid ; earbonate of aoda is then added until the reäction is 
alkalioe, and the whola boüod for a few seconds. If grape-sugar 
ia present, the colour paaaea from blue to violet, and then dia- 
appears ; tbe liquid ahould not, however, be shaken, as the action 
of the air resulta in the rapid retura of tho blue colour.^ 

Tincture of litmus, aubatituted by Vogel ^ for indigo, is less 



Braun * directa attention to the .reäction between glucoae and 
picric acid, and reconunendB thia reagent for distinguiahing 
between grape- and cane-aiigar. In the presence of cauatic soda 
picrie acid ia converted by boiling with grape-sugar into blood-red 
picramic acid. Fruit- and ndlk-augar exert a similar action, which 
is not ahared by mannite or cane-sugai'. 

For the action of grape-sugar on ferridcyanide of potaaaimn, 
see Gentele ^ and Lensaen.® The latter also discusaes the reduc- 



' Cbem. Centralblatt, 176, 1861 (Pharm. .Tourn. ftnd Trana. [1], k 
' Compare Neubauer, Zeitachr. f. aoal. Chem. L S78, 1862. 
' N. Repert. f. Pharm, xi. 62, 1862. 

* Zeitachr. f. anal. Chem. iv. I8E, 1865. 

' Chem. Centtalblatt, Sl, 1861 ; Stahlachniidt, Ber. d. d. chem. 
1861 (Amer. Jonm. Pharm, xxxii. 81). 

* Zeitschr. f. anal. Cham, k, 453, 1S70. 
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tion of Cyanide of mercury by glucoae as recommended by Knapp' 
(§ 84), and shows tbat by neither method can aaccbaroae ba accur- 
ately distinguished from glucose. 

0, Schmidt diatinguishes between grape- and cane-sugar by 
adding basic acetate of lead and ammonio, and 'warming. Tho 
white precipitate that first appeara tiirns red if grape-sugar ia 
present ; cano-augar does not yield this reaction.^ 

g 201. Eslimaiiatiof Glucose in Fresenceof Saccharose. — Intitrating 
glucoee in the presenco of Gaccharose, it ia adviaable, according to 
Eiunpf and Heinzerling,* to conduct the experiment with the 
Utmost rapidity, as the error caused by the dextrin ia then but 
very amall. 

Barfoed detects grape-mgar in tJiepreseiKe of dexhiii. by meana of 
an aqueous Bolution of crystallized acetate of copper (1 in 15), 
containing 1 per cent. of acetie acid. To the liquid under 
examination a few dropa of the reagent are added, the whole 
boiled for an instant and cooled. If grape-sugar is present, 
cuproua oxide gradually separates out.* Cane-augar, milk-sugar, 
and gum hehave like dextrin. These Btatements have been 
eonfirmod by Müller.^ 

g 202. Ddectian of Dextrin in Freseitce of Cane-sugar. — Scheibler' 
haa sbown that a 20 per cent. aqueous aolution becomes cloudy 
on the addition of 4 volumes of 90 to !)5 per cent. alcohol if the 
Bugai' ie contaminated with aa little as even '5 per cent. of dextrin, 
A second test of Scheibler's, depending upon the uso of iodine, 
may be pai5sod over here, aa it aucceeds with impure dextrin only, 
The preaence of dextrin and cane-sugar in Solution together may 
often be inferred if, after inversion, Fehling's Solution shows lesa 
grape-sugar than could have been anticipated by calculation from 
tho rotatory power before inversion; or if the rotatory power 
after inversion is less than tbat before inversion (taken aa due to 
pure cane-sugar) would have led ua to expecL (See § 207.) 

g 203. Gravimetrie EstimatiuR of ff^ueosf.^Mulder recommenda 

' Annal. d. Chem. und Fhann. cliv. 252 (Pharm. Joarn. and Trans. [3], i. 
301, 1S70). 

" Annal. d. Chem. mid Pharm, cxix. 102, 1861. 

° ZeiUchr. f. anal. Chem. ix. 358, 1870. Compare also Barfoed, ibid. xii. 
29, 1873 (Year-book Pharm. 176, 1874). 

* ZeiUohr. f. anal. Chem. xÜ. 27, 1873 (Jonrn. Cham. Soo. xxvi. JISS). 

= Zeitschr. f. aoal. Cham, iviii, 801 (Yoar-book Pharm, 74, 76, 1879). 

■ ZeiUohr, f, anal. Cbeni. x. 372, 1671. 
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f or this purpose heating for an hour to 60° witli excess of alkaline 
copper Solution, filtering off, and weighing the cuproua oxide pre- 
cipitated {§ 83). The errora involved by this method, which at 
the best of times can yield only approximate reaults, ha,ve been 
the subject of communicationa by Freseniusi and Gratama,^ 

§ 204. Fermeiüalmi Tesl {§ 85).— To detect glucose by thia test 
a little of the auspected Solution is evaporated untO it contaiDS at 
leaat 5 per cent of sugar. After cooling a few drops of tartaxic 
acid Solution are added, and a little good yeast, previously washed 
with dietiUed water j 1-2 cc. of thia mixtura are then introduced 
into a eudiometer standing oTer mercury. If glucose is present 




Fig-, 9. 

an evoliition of carbonic acid will soon begin, and shonld, in a few 
houra, diaplace a conriderable amount of merciu'y (^ 61). By 
means of a blank experiment with distülod wator, and the same 
quantity of yeast, it may be ascertained whether any carbonic acid 
haa been produced by the yeast itself alone. 

The ahsence of any evolution of carbonic acid is not necessarily 
a proof that the liquid is free from glucose. Certain constituents 
of plants, such as salicylic acid, thymol, etc., may occasionallj be 
present, and prevent any fermentation taking place. ^ 

' Anleit. zur quant. Analjae, 5th edition, £33. 

» Zeitachr. f. anal. Chem, xvii, 1875, 1878 (Journ. Cham. Soc. xsxiv. 611). 
■ Oompare Weracke, 'Ueber die Wirkung einiger Antisaptiea auf Hefe." 
Dies. Darpat, 1879. 
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If this is the caae, such a, method cannot of course be employed 
for the qiianlilative delerminalion of the gluooae. But if the Solution 
soon pasaes into a State of fermentation, and a tolerably large 
quantity of gas is produced, an estimatioa of the amouut of 
glucoao present may be made in the following manner ; The 
glucosa Solution is prepared as directed for the qualitative test, 
and a measured quantity of it introduced into tha flask A (Fig. 9). 
The sDcond flask B, shown in the figure, containa sulphuric acid, 
aa for the determination of carbonic acid according to the method 
of Fresenius and Will The whole appavatus ia wiped dry, ac- 
curately weighed, and exposed to a temperature of 20° to 30°. 
The carbonic acid evolved in A, pasBea through e, and ia dried by 
the Bulphuric acid in B, beforo being expelled through d. After 
the lapse of about two days, when the evolution of gas hasceased, 
the carbonic acid in the apparatua ia driven out by aspirating at d. 
The differencö in weight is tlie amount of carbonic acid produced, 
100 parta of which are equivalent to 204 ^ö^ of glucose.' 

§205. Cltaraclers of ilie ^ancnMGfccoses.— Inspeakingof glucoaea 
in the preceding paragraphs, I referred principally to grape-sugar, 
fruit-SUgär, and the combination of toth known aa invert-SUgar, 
Crape-mgar (dextrose) possesses the following characters ; it can. 
be obtajned, by gradua! depoaition from Solution, in priamatio 
crystala- containing one molocule of water (cf. § 89); an aqucous 
BolutioD, prepared fresh and without heat, in which the sugar ia 
present in the crystalline modüication, ahows arotatory power for 
(oi)j, + 9r81° ($~\); whereas a Solution that haa been heated, in 
which the augar has paaaod into tho amorphous condition, possesses 
for(c()D arotatory power of 49-54° to 5000°, and 46-34°ä(^ = 12). 
Hoppe Seyler* found the rotatory power of amorphoua gi^ape- 
ßugar to be («)[, = 56 ^'j from which he obtained the conatant 
quantity A'D = 1773-0; this may be used for caiculating the 

' Aootber mothod that bas beon auggeatod of eatimating glucoee caneUta 
in determining the specific grnvity befure and after fermontation (for 20 to 2i 
linun) and calcukting 0-219 par cent. of gCucune for euch O'OOl in tbo diSer. 
ence. Manaaseia haa sbown that the method jields good results with the 
Rugar in uiine (Med. Clantralblatt, B51, lSr2). 

' Similar crystalline depoaita, eepecially ftphsrocrjEtale, have been occa- 
sionally observed in the micrn»copio examination of dried drugB. Comparo 
Braun, Zeitschr. d. oBBterr. Apoth. Ver. ivi. 337, IS78, 

■ Comparo Hesse, Annal. d. Cbem. und Fbami. clxxvi, 39, 1675 (Phonn. 
Joum. and Trana. [3], vii. 191 et «tu.). 

* Zoitwjhr. f. uial. Cham. xtv. 30^ 1S75. 
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amonnt of grape-augar preFent from the rotation observed. For 
anhydrous dextroae ToUens and v. Grote^ ascertained (et)D = 53-10°, 
and the conatant quantity^ 1883'3. Hesse has shown that the 
prolonged heating of aqueous Solutions of dextrose reduces tha 
angle of rotation still further. 

Biot haa asserted the exiatence of glucoses, agreeing with grape- 
sugar in all important properties, but differing from it in their 
rotatory power; and the truth of thia assertion baa been proved 
by Hesse. An instance may be eited in saikinrsagar, the cryatalline 
modificationofwhichpoa3esBesarotatorypower(a)j, = 100° (p= 1), 
and the amorphous («)d = 50° (popuün-sugar is said to correspond 
toordinary dextrose); the rotatory power of ^A/wose from phloricin 
JB five-sixths that of glucose. ^ 

Fniü-sugar (levulose) has recently been obtained in acicular 
crystals ;^ a freshiy prepared Solution ahows a rotatory power 
{a)„= -106° (oonstant 943-4 ; see also note to g 209), which 
slowly diminishes, on boiling, to — 56°. Levulose dissolvee more 
eaaily in alcohol than crystalline dextroae, which may therefore, to 
a eertain extent, be freed from the fonner by wasbing with spirit^ 
The disposition to form a sparißgly soluhle Compound with lime 
ia Tery characteristic of leralose, and forma, at tho same time, a 
means of separating this from grape and other sugars. Like 
dextroae, levulose is fermentable ; but when both sugars are 
present together, the former is the firat to undergö alcoholic 
fermentatioQ. 

Sugara allied to levulose, differing from it only in the rotatory 
power, will probably be found in eertain plants (Jerusalem arti- 
chokea, etc. ; see also g 199). 

Imerl-sicgar (see also § 209 el j) sho a a nile a rotatory 
power for (a)j, of - 18°. The d aj ntj f heu sts regard it aa a 
mixture of grape- and fruit-sii^a m 1 ul fr molecule ; but 
Maumönö* differa from them, and mainta n thatlie has found in 
it, in addition to these two con 1 1 nt another, optically in- 
active, unstable sugar. 



' Ber. d. d. ehem. Ges. i87, 616, 1531, 1376. See also Hesse, Annal. d. 
Chem. und Pharm, cxcü. 169, 1879. 

= CompuTB Hasse, Anoal. d. Chem. und Pharm, cxcii 173, 1878. 

^ Jungfleisch and Lefrano, Comptea rendas, iciii. 647. 

•Jovirn. d. Pharm, et de Chim \xn. 47, 1875. The name of chjlariose has 
been given bj Maumfn^ to the laavo-rotatDry conatituent of invert-sugar. 
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According to the researches of Schoibler,' a freshly prepared 
Solution of arabiaose possossoa a rotatoiy power (a)n= +121°, 
diminiahiog, after heating, to +116°. It crystallizes, far more 
easUy than dextrose, in rhombie cryatals ; but ia not directly fer- 
nientable. Its action on Fehling'a Solution resembles that of 
grape-sugar. Aa alroady observed Kiliani maintaina that arabinose, 
when treated with nitric acid, yielda mucic acid, and is identical 
with lactose. (Tbia is contradioted by Cl^ason.) 

For caragheensugar see Bentö.^ It is said to be optically 
inactive, and to reduce Fehüng, 

Galadose, regarded by Fudakowski^ aa a mixture of lactose and 
another glucoae, alao belongs to tliis group. It differs from moat 
other glucoses in yielding mucic inetead et oxalic acid when treated 
with nitric acid. (See also § 195.) 

§ 206. Stn-bin, Inosile, ek. — Sorbin, inosite, and eucalyn differ 
considerably in their properties from the foregoing augara, but 
correspoDd to the glucoses in formnla. 

Sorbin can be obtained in colourless crystala, which are freely 
aoluble in water, sparingly in cold apirit. It reduces Fehling, 
poasesaea a rotatory power {a^~ — 4G-9°; but ia not ferment- 
able. Sorbin muat not he confounded with the sorbite belonging 
to the mannite group (g 212). 

Inosite, or pkaseomannite, forma colourless rhombie p]at«3 melting 
at2I0°, Bolubleat 19° in6partsof water, insoluble in cold absolute 
alcohol and ether. It is not fecmcntable, doea not reduce Fehling, 
and is optically inactive.* When warmed with nitric acid and 
dried, inosite is said to leave a residue that is coloured purple or 
blue by ammouia and chlorido of calcium. 

Euciäifn haa been obtained, up to the present time, only in the 
form of an uncryataliizable, noo-fermentablo syrup. It poasesaea 
for (b), a dextro-rotatory power of 65°.^ 

■ B«. d. d. ciem. Ges. vi. 612, 1873. 

' Ibid. \x. 1157, 1876. 

1 Ibid. viii. 569, IS76 ; a. i% 1S76. 

* Od the oooiuTence of inoaite in the v^eUble kingdoo [gr&pe-juice) see 
Hilger, Annsl. d. Chem. nnd Fh&rm. cli. 333, 1871 (Ye»r-b<iofc Pharm. 156, 
1872) ; nlao Neugebauer, Zuitscbt. f. anal, Chem. xii. 39, 1873. Neugebnuer 
haa found inaaite in vine-leavea also, and at the ume time discoBsea the dutec- 
tion o( quercetin, queroitrin, etc. Nudle, which haa been diacovered in hozel- 
Icavea, appeara to be veiy aimiUr to inoaite [Jahreab. f. Pbarm. 167. 1S77). 

' For Bome other aacoharine bodiea that have been hitherto but little 
fnvestlgated, auch H dambou, etc., lee Ber. d. d. ehem. Ges. ti. 1314, 1873. 
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207. Saccharoses. — Gane-^tgar differs from the glucoses in 
composition ; ita fonnula, C^^Hj^Ou, ia the same as that of certain 
carbohydrates of the vegetable gum group, triticin, etc. It crystal- 
lizes with tolerable facility in anhydrous monocliaJc crystals, iä 
freely soluble iii cold water, iasoluble in ether, and in cold absolute 
alcohol; the latter, when heated to boiling, dissolves about 1'25 
per Cent, An aqueoua Solution is dextro-rotatory. Hesse ^ fonnd 
the rotatory power for (a)p to be +67 95°Q( = 1) and +66'50' 
(^ = 10) ;-Tollens,s +65 ■64:9°,and+66'475°(y = 10); and Schmitz, 
+ 66'527°. Heated for some time to about 160^ cane-sugar ia con- 
verted into dextrose and le\-ulo8an (C^HmOä) ; at a higher tempera- 
tiire it is decomposed mto caramel and other producta. It does 
not reduce alkaline copper Solution m the cold ; prolonged boil- 
ing, however, causes the gradual Reparation of cuprous oxide. 
Cane-sugar is only indiroctly fermentahle, being first gradually 
convertcd into glucose by the invertin of the yeaat (§ 230). It 
has already been obaerred (^ 86, Sfa, etc.) that a similar change 
is easily brought about by the action of dilutc acids ; the principal 
means of distingtiishing cane-sugar from the more important 
glucoses have also been mentioned (aee g§ 200 to 204 and § 206). 

The followiug Gaccharosea are isomeric with cano-sugar and 
classed with it. 

Milk-sugar, which haa not yet been detccted with certainty in 
the vegetable Idngdom, forma rhombic crystals containing 1 
molecule of watcr of crystalUzatiou and soluble in 7 parts of water 
at 10°. Its rotatory power (in Solutions that have been previoosly 
heated) is (i»)d = +53-ß3° {p = '2)\ Hesse found for freshly pre- 
pared cold Solutions (a)n = +80'68°. It ia not directly ferment- 
able, but, like cane-sugar, ia graduaUy inverted by yeast. The 
action of dilute acids results in the production of galactosa 
t§ 205) ; by oxidation with nitric acid it yields larga quantitiea 
of mucic acid. Milk-sugarreducesammoniacal sOverand alkaline 
copper Solution in the cold, but the extent to which reduction ib 
effected when boiled with the latter reagent is lesa than is the case 
with dextrose. When converted into galactose the reducing power 

Loc. cU. Calderon found (a}D = a7-09° (Joum. da Pharm, et de, Chini, 
V. 437, 187fl). 

For the decrease in rotator; power canaed by the preaence of certain salts 
Muntz, Ber. d. d. ehem. Ges. ii. 902, U7ä. 

Bar. d. d. ehem. Ges. s, li03, 1877 } xi. 18Ü0, 1878. See also Sdunitz, 
ibid. X. 141*. 
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is about the eame as tbat of invert-sugar, so that after inveraioD 
10 cc. of Fehling indicate about 0-0475 gram milk-augar.' 

To Maltose, produced together with dextrin by tlie action of 
diastase on atarch, Schulze^ assigns the fonmila Cj^Ha^O,! + H^O, 
It resembleH milk-augar in its behaviour to altaliae copper Solution. 
Boiling with dilute acids converta it entirely into dextrose, and, as 
witli milk-augar, it is advisable to invert maitose befora estimating 
it with Fehling's Solution. Ita rotatory power is greater tban 
than that of dextrose ; (ix)d = 149-5 - 150-6°. Maltose is said to be 
(1 directly) fennentablo, With nitric acid ityielda uo mucic acid. 

Melitone cryatallizes in needles containing 3 molecules of water. 
It is aoluble in 9 pai-ts ot cold water, and is dextro-rotatory 
( + 102°). Boiling with dilute acids converts it into glucoae and 
eucalyn, the latter of whieh is not lei-mentable. Yeaat also acta 
in a. fiimilar manner (g 206), in which case the glucose produced 
fermenta. With nitric acid melitoaeyieldsabundanceof mueicacid. 

Meiezihse cryatallizes in rhombic prisms with 1 molecule of 
water of crystallization. It is freely soluble in water, insoluble 
in alcohol and in ether. An aqueoua Solution is dextro-rotatory 
(94'48°), and indifferent to Fehling's Solution ; it ia converted into 
glucose when boiled with a dilute acid ; yielda with nitric acid 
no mucic acid, and is alowly decompoaed by yeaat 

Mi/Kose (Jrehalosf) forma rhombic priams containing 2 molecules 
of water. Boiling apirit diaaolves it; tolerably freely ; in aqueoua 
Solution it ia powerfully dextro-rotatory (-(-220°), only slowly 
and incompletely fermented hy yeast, and converted into dextrose 
when boiled with dihite acid for several hours. It does not 
roducß copper Solution, and yielda no mucic acid with nitric acid. 

§ 208. Estlnuüion, hi/ Polarizalion, — This ia possihle when the 
glucose or Saccharose ia not accompanied by any other similar 
carbohydrate, and when the aolution containa no other substanoe 
(aeparagine, etc.) that has an action on polarized hght, orwhen 
all such substancos prcsont can be completely removed, cither by 
boiling (aa albumen), or by precipitation with baaic acetate of 
lead (organic acida, gum, etc.) (g 210). Of course the rotation- 

' Compare Eodewald and ToUan«, Ber, A. d. ehem. Gas. xl. 2078, I8T8 
(Ye»r-book Pham. 77, 1878). 

' Ber. d. d. cbam. Ges. vii. 1047, 1S71 (Tear-book Fhomi. 85, 1875), ud 
Jonrn. f. Laiidwirth«b»ft, xivL 67, 1878. See also O'Sullivui.MoiiitBur seiest. 
Morch, 1874 ; uid Ber. d. d. cbam. Qei, ix. 281, 1S7S (Jonrn. Chem. Soc). 
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constant of the carbohydrate in questioo must be known. The 
results are generally calculated from the equation 

C.A|- 

where C is the weight of the substance (expressed in grams) con- 
tained in a litre of Solution, A the rotation-constant of the 
substance to be «stimated, a the observed rotation, and L the 
length of the column of Solution in millimetres. If the concen- 
tration of the Solution has an influence on the optica! activity, 
then^, the weight of substance in grams in 100 cc. of the Solution, 
must also be taken into account.^ The same must be done for 
the temperature when that exerts any influence on the rotatory 
power (invert-sugar) (cf. § 199). 

Suppose for instance a Solution of grape-sugar in a tube 0*1 
metre long to have shown a rotatory power -f 3**, then (using 
Tollens and Grote's constant), 

= 1883-2x3^ 

For a Solution of levulose with rotatory power - 3**, 

C = 943-4 x^ 

For a Solution of cane-sugar with rotatory power -{-3** (using 

Wildes constant), 

C = 1505-6x3^ 

In the first instance the Solution would contain 56 '496 grams 
of dextrose per litre; in the second, 28-302 grams of levulose in 
the third, 45*168 grams of cane-sugar. See also § 210. 

§ 209. Estimation of two Sugars, — Two sugars present in Solution 
together may be accurately estimated, provided that the rotatory 
power of each is known, and the other conditions in § 208 are 
fulfiUed. This is frequently the case with Solutions of deocirose 
and levulose. Neubauer ^ then recommends observing the rotatory 
power, and estimating the sugar with Fehling's Solution. K the 
latter indicates 15 per cent. of sugar, then if levulose alone were 
present, the rotatory power (by sodium-light, in a tube 0-1 metre 

^ See Hesse, Annal. d. Chem. und Pharm, clxxvi. 95, 1875, and ToUens, 
Ber. d. d. chem. Ges. xi. 1800. 
2 Ber. d. d. chem. Ges. x. 827, 1877. 
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long) should be -15' (= ISxl'O),^ and for dextroae alone T'Sß". 
Supposing now the angle of rotation ol)BervQd to have been 
— ß'202°, that iH-9-798° lesa than levulose alone, the amount 
of tlie latter present can be calculated früm. the etatcment 

2883'3:1883'3:: 9-798 ;:c 

■whcre 2883-3 ia the difference between the rotation-constanta of 
grape-and fniit^augar 1 1883-3 -{- 1000-)|, and 1883-3 the con- 
stant of grape-sugar ; multiplying out 

a:^0-65317x9798 
= 6-4 

which is the percentage of levulose, leaving 15-0-C-4 = 8-6 per 
Cent of dextroae. 

§ 210. Cane- anil Inveri-sti^ar. — A similar courae may be puraued 
in other caaea involving the aimultaneoua estimation of two augars. 
For cane- and invert-sugar, as thcy occur for instance in bect-juice, 
it ia uaual to determine the rotatory power both before and after 
inveraion with a dilute acid. If cane-sugar ia present, more invert- 
Bugar will be found than wouid correapond to the rotatory power 
6rst obaerved. 

According to Httughton,^ the rotatory power of mixtures of cane- 
and invert-sugar cannot be coiTectly determined unless the excesa 
of the basic acetate of lead, uaed to clarify the Solution, is first 
removed. He thinks that the lead forma a dextro-rotatory 
Compound with levulose. Such Solutions containing lead ore 
aläo Said to yicld inaccurate resulta with Fehling's Solution. 

If the uae of basic acetate of lead alone is insufEcient to render 
auch liquids as beet-juice, etc., clear and colouriess enough for 
examination in the polariacope, it may somctimes be advantage- 
oualy combined with Solution of aluni, It is frequently undesirable 
to dccolourize with charcoal, as that is capable of retaining some 
of the augar. 

The presence of imparoffiue can be the source of conaiderable 
error : firstly, becauae that subatanca is itself optically active ; and 
aecondly, because ita rotatory power varica as the Solution is acid 
or alkaline. Moreover, it is reaolved, by boiling with hydrociiloric 

' Calculated frotn equ&tion a — ^" . Neubauer talf es the rotatory pgwer of 
levulnse to be - 100° instead of - 100°. 
^ Joum. Cbem. Soc bc. SSi Zdtgcbr. f. uuL Chem. x. 490,1871. 
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acid, into aspartic acid and ammonia ; the fonner of 'viddi b 
laevo-rotatory in alkaline Solution, but dextio-rotaitoiy in acid. 

Asparagine is not precipitated by basic acetate of lead, hy fime^ 
or by baryta ; and although aspartic acid is thrown down bjr lad 

Balte, yet the preeipitate is redissolved by an excess.^ 

§ 211. Estimation of three Sugars. — ^Dupr^^ juid Apj<^in' haxe 
made tho estimation of cane-, grape-, and fruü-sugar in the sauoe 
Solution, the subject of investigation. As their methodsy how- 
ever, involve a combination of optical and Volumetrie determina- 
tions in which accuracy is required in ascertaining the amoont d 
grapo- and fruit-sugar present, especially in titrating, I am afnid 
their processes will at present yield only approximate resoltsL I 
havo already shown (§ 85) that the Volumetrie estimation 61 
glucose in the presence of cane-sugar is not so aceurate as mi^t 
bo wished. 

8 212. Mannite. — Of mannite (cf. § 91) it may be here ohserved 
that ono part dissolves in 6*14: to 6*21 oj water at 15% and in 5*12 
to 5*38 at 20". One part requires also 1515 of absolute alcohol 
at 17* for completo Solution. Although optically inactive, as 
previously statod, it is dextro-rotatory when dissolved in a eon- 
ccntratod Solution of borax. It melts at 166°, and is converted at 
200' with loss of water into mannitan. With moderately streng 
nitric acid it yiolds principally mucic and saccharic acids ; with the 
strongcst acid, nibro-mannite. It is said (according to Kiegel) to 
reduce gold and silvor salts, but not alkaline copper Solution, when 
warmed for a short time. Mannite prevents, however, the preci- 
pitation of hydrato of copper. 

^ On laooharometryf and espeoially the estimation of invert-sugar wben 
AOOompanlüd by oane-sugar, as in beet-juice, cnide sugar, etc., see Ventzke, 
Journ. f. praot. Ohem. xxv. 65, xxviii. 101 ; Kleinschmidt, Dingler's poljt. 
Jüurn. olxxxl. 806, 1867 ; Anders, ibid. clxxxii. 331 ; Bodenbender, 
Zeittichr. f. Ohcm. N. F. ii. 222, 1867 ; Sostmann, ibid. 480. The latter 
AUthoFM draw special attention to the influence that lime exercises on the 
roHultH of optical doterminations of cane-sugar. The influence of asparagine 
and aspartic acid has beon observed by Dubrunfaut (Dingler's polyt. Journ. 
oxxl. 306) and Scheibler, ibid. clxxxi. 415). Communications by Scbeibler on 
the errors in optical estimations have appeared in the Zeitschr. f. Chem. N. F. 
iii. 617, and Zeitschr. f. anal. Ohem. viii. 211, 1869. See also Stammer, 
Dingler's polyt. Journ. clxxxii. 160 ; Dubrunfaut, ibid. cxxi. 299, clxxxv. 231 ; 
Landolt, Zeitschr. f. anal. Chem. vii. 1, 1868. On the influence of asparagine, 
■ee lastly also Champion and Pellet, ibid. xvi. 120, 1877. 

a Ohem. News, xxi. 97, 1870. 

9 Ibid. p. 86. See also Zeitschr. f. anal. Ohem. ix. 499, 501» 1870. 
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Dulcite, or melampifrile, is iaomeric with mannite, and ahares 
most of ita important properties. The crystala of the former 
belong to the monoclinic system, those of the latter to the rhomhie. 
Dulcite disaolvea in three parts of cold water, is optically inactive, 
does not ferment, and melts at 182°. 

Isodulcite (rhamnodulcite) is also iaomeric with the foregoing. 
Crj'stals of iaod«lcito melt at 93° to 94°, dissolve in 2'09 parts of 
water at 18°, and alao in absolute alcohoL It ia not fermentable, 
but reduces Fehling's Solution, and is dextro-rotatory, (a)y=8'4°. 

Eesperidiv^sugar and sm-bik are also said to be isomeric with 
raannite. The former cryatallizes in the monoclinic aystem, is 
dextro-rotatory, sparingly soluble in hob absolute alcohol, but 
more easily in hot 70 per cent. spirit. It melts at 70'5° to 76°j 
and slowly reduces Fehling. Anhydroua sorbite melts at about 
110°, and does not reduce Fehling. ^ 

§ 213. Qu^ciie, rff.— Quercito and pinite are isomeric with 
mannitan and duicitan and are aweet to the taste. 

Quercite crystalüzea in the monoclinic System, dissolves in 8 to 
10 parte of cold water, is dextro-rotatory (-|-33'5°), and melts 
at 235°. 

Pinite is indistinctly cryatalline, freely soluble in cold water, 
and Eomewhat soluble in dilute spirit ; it melts at 150°, and haa 
a dextro-rotatory power of 58-6°. 

Abietile differs from the foregoing in containing the elements 
of a molecule of water lesa ; it haa been the subject of Commu- 
nications by Eochleder.^ 



§214. Deledian of Acids. — In addition to the reaction of malic 
'if irf mentioned in §81, Barfoed'describes another depending upon 
the conversion of the acid, at a temperature of 160° to 170°, into 
maleic and fumaric acids, with production of a crystalline Sublimate. 
A third ia the üme-reaction ; malate of lime requires the addition 
of at least 1 to 2 volumes of spirit for precipitation; and when thus 

' Comjiftra Bonuingault, Joum. de Phamt. et de Chim. xri. 36, 1B~2 
(Pharm. Joum. Trans. [3], üi. 2S). 

^.Journ. (. praot. Chem. ev. 63. and Apoth.-Ver. vüi. 363, 1868. Für 
cathnrCo.iiiaiinita, See Kubll ftod Untgendurff, Fhami. Zeitecbr. f. BosBlaiid, 
iv. 4d7, 186E, snd Kensder, iUd. xvii. 363, 1S7B. For bergenite, lee Moielle, 
Chem. Centrnlblatt, 758, 1381 (Comptt« readus, iciii. 646}. 

* Zuitachr. f. ui&L Cham. vü. 403, ISSS. 
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thrown out of Solution, softens on warming and aggregates to a 
mass, which becomes granulär and crystalline on cooling. The 
magnesiarreaction, mentioned by the same author as a new one, 
consists in Converting into malate of magnesia either by satursting 
the acid with oxide or carbonate of magnesia, or by TniTriTig a con- 
centrated Solution of an alkaline malate with chloride of mag- 
nesium. The Salt is precipitated by spirit from a bot solntion, 
as a tenacious mass hardening on cooling. (Citrate of ma^nflgia. 
behaves in a similar manner.) 

Barfoed separates rruüic from oxalk (§ 219) and tartaric (§ 217) 
acids by precipitating the last two from neutral Solution by chloride 
of calcium, and throwing out malate of calcium from the filtrate 
by the addition of alcohol. If tartaric acid is present, it mnst be 
remembered that the calcium-salt of this acid separates bnt slowly. 
(See also §218.) 

In separating cUrk (§215) from malic acid the same chemist 
takes advantage of the fact that citrate of calcium requires less 
spirit for precipitation than malate. 

If malic acid is in Solution with oxalky tartaric^ and cUric add, 
Barfoed advises the precipitation of the last three as neutral am- 
monium salts by the addition of 7 to 8 volumes of 98 per ceni 
spirit ; af ter standing twelve to twenty-f our hours the precipitate 
is filtered off, and the malic acid thrown down in the filtrate with 
acetate of lead. 

Sv/xinic acid (§ 220) can be separated from rruüic acid, according 
to Barfoed, by Converting into neutral alkaline salts, precipitating 
with acetate of lead, dissolving the precipitate in acetate of ammonia 
Solution, and then separating the malate of lead by the addition 
of 2 volumes of spirit ; or the concentrated aqueous Solutions of 
the neutral potassium, or sodium-salts, may be mLced with abont 
6 volumes of spirit, when the succinate remains in Solution. 

For the Separation of malic acid from galloiannic (§§ 49 et seq, 
and 165), gallic (§ 151), benzoic (§ 26), acetic and formic (§ 139), 
acid, reference mnst be made to the original work. 

To remove svlphuric and pJiosphoi^ic acids from solutions in which 
malic acid is to be detected, Barfoed recommends separating the 
first two by the addition of chloride of barium to the bot Solution, 
and precipitating the malate of barium from the filtrate by the 
addition of alcohol. 

§ 215. Estimation of Ciiric Acid, — In estimating citric acid^ Creuse 
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takes advantage of the insolubility of the bariam-salt in spirit 
To a neutral Solution of the citrate a Solution of ocetata of barium 
and 2 volumea of spirit are added, The precipitate is iiltered 
off, ignited, converted into sulphate by sulphuric seid, and weighed 
as such. The composition of citrate of barium is said to he 
Ba,C„Hi„0«. (Compare Zeitschr. f. anal Chem. xi. 446, 1871.)i 

Preoipitation by barium had been previously recommeuded by 
Käminerer as a means of detecting citric acid. - If to a Solution 
of a citrato excoss of acetat« of barium ia added, a voluminous 
precipitate is obtained, which gradually bocomes crystalline 
(prisma) when heated for several hours on the water-bath. The 
preaencQ of other fruit-acida does not interfere. If the Solu- 
tion is very dilute it must be concentratod aßer the addition of 
the barium salt, afi otherwiBe only acicular crystals are produced. 
See furtherg§218to220. 

§ 216. QiKÜitalive. Readions of Citric Acid. — Sarandinald has 
drawn attention to the fact that tho triethyüc ether of citric acid 
decompoaea when heated in sealed tubes to 110°, with Separation 
of a blue powdor;' and that an aqueous Solution of citrate of 
ammonium, eimilarly treated for six hours, also deposita a blue 
decompoaitioo-product on subsequent exposure to air and light in 
a tiat dish. Sabanin and Laskowsky' hare ahown that seither 
tartaric, malic, nor oxalic acid interferes with the reaction which 
succeeds with 0*01 gram of citric acid. Aconitic acid comports 
itaclf like citric If the juioo of a fruit or a vegetable infusion is 
under examination, the citric acid can be precipitated as citrate of 
lead, the latter converted into citrate of banum, and finally into 
citrate of ammonium, which can be tested aa above described. 

It may also be observed that an aqueous Solution of citric acid 
is optically inactive. According to Roennefahrt, 100 parts of 
ether dissolve 10 parts of tho crystallized and 1 3 of tho anhydrous 
acid, and can rcmovo as much as 3*6 parts when shaken with an 
aqueous Solution ; facts scarcely iu accordance with the statement 

' For quantitative eiitiniatian uf tartaric acid, aGe also Inette, Comptaa 
rendi»,lxvi. 417, 1868. 

' Annal. d. Chcm. und Pharm. cxItüL 294, and Zeitschr. C. anal. Chem. 
viii. 2Da, 1869. 

• Her. d. d. cheiQ. Gbb, 1100, 1872. Compare also KSminerBr, ibid. 73fl, 
1875 {Joura. Chem. Soo. nifit. 498, mriü 1178). 

' Zeitschr. f. anal. Chem. xvü. 73, 1878 (Year<book Pharm. IBS, 1878). 
lö— 2 



•228 



ÄCIDS. 



foiTOerly made to the effect that citric acid was difficuitly solubie 
in ether. 

% 217. Pi-edpilatimi. of Tartaric Ac'id (g 82).— As early as 1864, 
Berthelot and de Fleurieu precipitated tartaric acid by Converting 
it into acid tartrate, and adding 5 volumes of ether-alcohol. ' 
Jokisch and Bolley^ have shown that acid tartrate of calcium may 
be aimultaneoTisly thrown down, 

For the estimation ot the total acid in mnst, see Pasteur. ' 

Martenson^ precipitates tartaric acid from a 1 parcent. aqueous 
solntion of normal tartrate of potasBium by the addition of chloride 
of calcium and lime-water. The sides of the porcelain dish in 
whioh the Operation is performed should not be touched by the 
Btirriog-rod. On standing for several houra, the calcium-salt 
separates in crystals, and can be filtered off, washed with 80 to 
85 per cent spirit, dried at 100° and weighed ; its compoaition is 
Üien CaCÄO« 4H,0. 

§ 218. Estimation nf Tartaric, aitd Oitrk Acid. — Fleischer recom- 
mends the Separation of the former as acid tartrate of potassium, 
the precipitation being rendered complete by the addition to tha 
aolution of twice its volume of 95 per eent. spirit. The acitl 
tartrate is filtered off, redisaolred, and estimated by titration ivith 
normal alkali (§ 82). 

The citric acid is precipitated from the filtrate by neutral acetate 
of lead, washed with spirit of about 45 to 50 per cent., liberated 
by snlphuretted hydrogen, and estimated by titration with normal 
alkali 

This method is directly applicable if the acids are present in 
the free state, or in combination with alkalies. ^ 

' ComptcB renduB, Ixxvii. 394. 

" DiDgler's polyt. Jonni. cIxxxiiL 47, 1867 (Amer. Jovirn. Pharm, xxxvi. 60). 
See also KiBsel, Zeitschr f. anal. Cbem. vüi. 409, 1669. 
' Zeitschr. f. anal. Chem. vüi. 86, 1869. 

' Pbarm. Zeitscbc. l. Kuaalaiid, viü. 23, 1868 (Amer. Journ. Pharm, xli, 335). 
le also Schmtzer, Bingler's pol^C. Jonra. cixiv, 132, 1362, on the aepara- 
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Should it appear dueirable to estimate the citric acid directly, after removal 
of tbe tartaric as acid tartrate of pvUsaium, tlia filtrate may be inixed with 
Chloride of calcium aod concentrated by boiling. Tbe citrate of calcium that 
seporatee after adding lime-water ehould be filtered cff hot, vra^hed with boil- 
ing water, dried and weighed (258 parts of the dried aalt indicate 192 of citric 
acid). See also Allen, Zeitschr. f. anal. Chem. xvi. 251, 1877. 

For distinctive chaiactera of tartaric and citric acid, see Archiv d. Fhann. 
clviii. 206, 1861; Chapman and Smith, Laboratory, April, 18B8 ; 'Wunmel, 
ZeitKhi. f. anal. Chem. i-ü. 411, 1868. 
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I£ the Solution containa oxdk aad siiiphurlc, in addition to 
tartaric and citric acids, all of them must be precipitated with 
acetate of lead (whichwould also throw down partof aDychlorine 
that may be present) ; the precipitate aliould be washed with 
dilutö spirit and treated with ammonia (fi^e fiom carbonate), 
which disaolvQ9 citrato and tartrate of lead and part of tha 
chloride. The tartaric acid may bo catimated in the Solution by 
decomposing the lead-aalts with sulphide of ammonium and acetic 
acid, filtering, and precipitating with acetate of potaasiiim as above 
dcscribed. If chloride ia preaent, the citric acid must be subse- 
quently precipitated from a. hot Solution, either as lead-salt by 
cxccsB of acetate (washlng with dilute spirit) or as calcium-salt 
in the presence of spirit ; the latter must bo redissolved inacetic 
acid, and precipitated with acetate of lead. 

If Urne and phoaplwies aro alao present (in hydrochloric acid 
Solution), they may bo precipitated by acetate of ammonia as 
Oxalate of calcium and phosphate of iron, and washed with Solu- 
tion of chloride of ammonium to avoid losa of tartaric acid as 
acid tartrate of calcium. The phosphoric acid may be subse- 
quently precipitated aa phoaphate of lead, which ia insoluble in 
ammonia. The reaidue of the lead precipitate, after treatment 
with ammonia, can bo docomposed by sulpbide of ammonium, and 
in the filtrate from the sulphide of lead, phosphoric, sulphuric, and 
oxalic acids determined by tho usual procesaea. 

Mai'tc acid if preaent would be precipitated togethor with the 
citric acid as calcium salt ; the former, however, is soluble in 
boiling lime-water. 

liiicemic acid would ba thrown down with the tartaric acid, but 
cDuld be separated by dissolving the acid tartrate and raceraate 
in hydrochloric acid, supersaturating with ammonia and adding 
cJiloride of calcium, which, under theae conditions, precipitatea 
lacemate of calcium only. ' 

Ilacomic acid ia optically inactive, whilat tartaric acid ia dextro- 
rutatory («)„ = +14'18°(^ = 5),or(a)n= +12-80° (i)= 15). It ia 
wcU-known, however, that racemic acid can be made to yield 
laivoracemic acid by sui table treatment. 

Für detection of tortuic >old in pressDCa of malic, formic aciäa, etc., see 
üraiio, Zeitsohr. f. an&l. Chem. vii. 319, 1S6S ; Kämmerer, viii. 300, 18(S9. 
See also CaiUetet, ivii. 499, 1878 fVeftr-book Pharm. 150, 1878). 

' Compare Fleisoher, Archiv d. Pharm. [3], v. 97, 187* (Joiini. Cham. Soo. 
xxvii. ItSl). 
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Both tartaric and racemic acids are easily soluble in water and 
alcohol. See also ^219, 220. 

§219. Separation of (hdic Acid. — Of the acids above referred 
to, oxalk acid (^ 81, 214, 216, 218) splits up, when heated, into 
water, carbonic acid, and carbonic oxide without Separation of 
carbon. It undergoes a similar decomposition when warmed with 
concentrated sulphuric acid. In addition to the reactions already 
described, it must be observed that a neutral Solution of an Oxalate 
throws down bright yellow crystaUiiie f errous Oxalate, when warmed 
or allowed to stand, with a Solution of a ferrous salt. Aecording 
to Barfoed,^ the precipitate is soluble in about 4,000 parts of cold 
water, but tolerably easily in Solutions of Oxalates, tartrates, and 
citrates of the alkahes. The reagent must theref ore be added in 
suflBcient quantity to convert the whole of the vegetable acids 
present into salts of iron. 

Tartaric acid, if present, might also yield a crystalline precipitate, 
but the colour would be dirty-white and the crystals would be 
distinguishable under the microscope ; it might be separated by 
cold, very dilute hydrochloric acid, in which the Oxalate is almost 
insoluble. Citric acid delays the precipitation, and frequently 
prevents the formation of characteristic crystals, which, however, 
may be obtained by dissolving in a little warm hydrochloric acid 
and neutrahzing with ammonia. 

Oxalic acid can be isolated from Oxalate of calcium (§ 110) for 
the purposes of further Identification by dissolving in hydro- 
chloric acid, and adding sufficient sulphuric acid to convert into 
sulphate, which can then be completely precipitated by the 
addition of an equal volume of spirit. Or the Oxalate may be 
dissolved in the smallest possible quantity of dilute nitric acid, pre- 
cipitated with nitrate of lead, and liberated from the lead-salt by 
sulphuretted hydrogen. (Cf. §§ 81, 218, 220, where the estimation 
of oxalic acid is discussed.) Oxalic acid requires 10 parts of cold 
water for Solution, but only 2 parts of alcohoL 

§ 220. Succinic Acid (§ 214) is also one of those organic com* 
poimds that are not blackened by concentrated sulphuric acid, 
and leave no carbonaceous residue when heated on platinum foil, 
or in a test-tube. In the latter case the major part is volatilized 
without decomposition. It difflers from oxalic acid in being less 
soluble in cold water (about 1 in 15 at 20"), and in being spar- 

^ 'Lehrb. d. org. quaL Analyse/ Copenhagen, 1880. 
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ingly dissolved by alcohol, and to but a very slight extcnt by 
ether. The occuirence of euccitiic acid is frequently mentioned 
in plant-analyaes of lesa recent date, but in many instancea confir- 
mation of such Statements ia required. And oven iE that were 
forthcoming, tbo question might be raiaed aa to whether tha acid 
had not boen produced by a process of fermentation that might 
have taken place during the manipulation. 

The foUovring reactiona may aerve for the identification of 
auccinic acid : 

Chloride of barium precipttatea from a Solution of an alkaline 
Buccinate (in preaence of alcohol) a crystalline barium-salt, which 
ia aoluble in about 250 parta of water, but almoat insoluble in 
alcohol. Hydrochloric acid diaaolvea it, but acetic acid takes up 
only araaU quantitiea at the ordinary temperature.i 

Chloride of calcium alao throwa down a crystalline salt from 
concentrated eolutions of alkaline succinates. The precipitate 
diasolves, according to Barfoed, in about 50 parta of water, but ia 
very sparingly aoluble in alcohol. If the precipitation takes place 
in the presence of alcohol the salt is at first amorpbous, and eubse- 
quently aasumea a crystalline condition. It disaolvee in warm 
dilute acetic acid, and in boiling Solution of chloride of ammoniiim. 
(Diatinction from oxalic acid.) 

Suceinateof lead ia ükewise crystalline, but complete Separation 
takes place very alowly. Basic acetate of Icad throws down an 
amorphous salt Ferne chloride produces brownish-red amor- 
pbous precipitates in Solutions of normal alkaline succinates, but 
does not fonn inaoluble Compounds with Oxalates, 

In separating lymlk from succinic acid advantage may be taken 
of the solubility of ammonium succinate in spirit. Barfoed 
aeparatea larlaric from mccmk acid in the form of acid tartrate of 
potasaium in the presence of hydrochloric acid and alcoboi Or 
it may be precipitated by mixing the bot Solution with chloride 
of ammonium, adding chloride of calcium and cooling. Cilric acid 
may be separated in a similar manner, but in this case the mixture 
must be boileil until the whole of the citrate of calcium haa been 
thrown down ; or the Solution may be boiled ivitb chloride of 
barium and filtered whilat hot from the precipitated citrate of 
barium. The iiltrato contains the succinate of barium, which can 
be thrown down by alcohol after cooling (g 215), 
' See Barfoed, loe. cU. 
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Tot the Separation of malic acid, see § 214. 

§ 221. Fumirk acid caa also be sublimed, and, like oxalic anä 
succinic acids, yields a precipitate wiÜi acetate of lead that 
gradually asaumea a crj-staJline condition (^ 81, 214). It 
differs from midie acid in its slight solubilitj in water (according 
to Lassaigne about 1 in 260 at 17°). It Is much more easilf 
soluble in hot water, and ia also disaolved by ether and by cold 
spirit. The solubility of the silver-salt is extremely slight ; 
raanganoiifi fumarate is also aparingly soluble in water, but freely 
in spirit The acid potassium and acid ammonium salts are not 
very soluble in water, and scarcely at ail in cold SO per cent, 
spirit, Lime-water docs not precipitate fumaric acid. 

Male'i'c acid is isomeric with the preeeding, and, liko it, is op- 
tically inactive and yields a crystalline lead-salt It is freely 
soluble in water, but cannot be sublimed without decomposition. 

Kinic acid may also be meutioued here. It is precipitated by 
ammoniacal, but not by normal acetate of lead ; and "vhen 
saturuted with milk of lime, yields at first a calcinm-salt soluble 
in water. 

Many other regetable acids can be saparated frora kinic acid 
by precipitation with normal acetate of lead ; the filtrate, after 
removal of the excess of lead as sulphide, can be freed from 
aiilphuretted hydrogen, boiled with milk of lime, concontrated, 
and allowed to stand, wheti a crystalline depoait of kinate of 
calcium will gradually separate, or more rapidly if spirit is added. 
The preaence of kinic acid in the deposit may be demonstrated 
by heating with sulpburio acid and black oxide of manganese ; 
the quinone thus produced is volatile, crystallizes in yellow 
needles, and can be detected even in tracea by its iodine-like 
odour (§ 167, arbutin). 

Kinic acid and its silver-salt are easily soluble in water.* 

§ 222. Lavtic Ami. — Älthough tho occurrence of lactic acid in 
living pknts has not been placüd beyond doubt, we must devote 
a few lines to it here, as it is freqiiently produced from carbo- 
hydratea when vegetable infusions are allowed to stand, and is 
therefore often met witli in plant-analysis. It can be detected by 

^ For rubk/iloric acitl, which oocaaioniilly aooompftniBii kinic acid and, like 
it, ia ouly precipitated by alkaüne actJtatB of lead Solution, see Schwan, 
Sitzungabflc. d. Akad. d. W. in Wien Math. nat. Cl. 26, 1S52. Buhichlorio 
ncid la decompOBed with Bimultaneona Separation of Braen insoluble chlorrabin 
wheo its aqueous Solution ia boiled with dilüte hydrocbloria acid. 
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ahaking the aqueoua liquid with ether. On evapovating tho 
ethereal aolution, it is obtained in the form of a symp, easily 
Boluble in water and in alcohol. Both the calcium and lead salts 
are freely disaolved by water, the former requiring about 10 parta 
at the ordinary tempcrature. Lactic acid can thiia be separated 
from many other acids by precipitation with acetat«, or, if free 
acids are prcaent, by digestion with carbonate of lead or calcium. 
Lactata of calcium is further soluble in boiling 85 per cent. spirit, 
and crystallizes from hot saturat«d spirituous and aqueoua boIu- 
tioQS on cooling, 

From a apirituous Solution of lactate of limo ether throws down 
an amorphons precipitate, which gradually becomea crystallino.^ 

The magnesium and zinc salts are also cryatalÜna ; the former 
is best preparod by precipitating a concentrated Solution of lactate 
of Boda with Chloride of magnesium in the presence of alcohol ; 
the lattcr is frequcntly of use in detecting lactic acid. Lactate 
of magnesium requirea about 30 parts of cold water for Solution, 
of zinc about 60 ; both are far more easily soluble in hot water. 
If the presence of lactic acid is suspectod, the aqueoua Solution 
ahould be concentrated, digested hot with oxide of zinc, cooled, 
and examined under the mtcroscope. It shoutd show bundles of 
needles and aphrerocTjatalline masses, as well aa four-sided prisms 
and wedge-ahaped crystals, Paralactate (sarcolactate) of zinc ia 
rauch more easily aoluble, requiring ouly about 6 parts of cold 
water. Acicular crystals are also obtained if carbonate of silver 
ia uaed insfcead of oxide of zinc ; they are soluble in alcohol, 

Air-dry lactate of calcium contains 29 '2 per cent of water and 
18'3 per cent. of oxideof calcium. 

The zinc-salt contains 18-2 per cent. of water and 27'3 per 
cent. of Oxide of zinc 

S 223. Gb/colie Acid. — Glycolic acid is homologous with lactic 
acid, and resembles it in many of its properties. It haa been 
found in the juice of unripe grapea. Ethereal Solutions yield the 
acid in crystals which melt at 73° to 79°, and are partially 
volatUe in the vapourof water without decomposition. Glycolata 
of barium disaolves in 7'9 parta of cold water, of calcium in SO'6, 
of zinc in 31-6, of lead (normal salt) in 3M7. The last three 
can be obtained in crystals. The precipitate produoed by basic 
ocetate of lead is very sparingly soluble (about 1 in 10,000), and 
' CoToptze B&rfoed, loc eU. lH. 
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can thorefoi-e be made availabto for the Separation of the acid ; 
the basic lead-salt can be converted into the normal by the action 
ot dilute nitric acid. Glycobc acid can be isolated by shahing 
with ether. Ita calcinm-salt contains 23'09 per cent of oxide o£ 
calcium, its normal lead-aalt 63-48 per cent. of oxide of lead. 

ALBUMINOIDS, ETC. 

§224, Edhiiaiion. — In §96 thealbuminoidshavebeen eatimated 
by multiplying the nitrogen found by 6 '25. Thia calculation ia 
based upon the assumption that albuniinoid substances contaia 
16 per cent. of nitrogen.' Attention has, however, been frequently 
draTratothefact,thatniostalbnminouB substances containmoreÜian 
16 per cent of nitrogen ; those of cereals, leguminous fruits, etc., 
can be estimated to contain at least 16'00 per cent. ; the fa^tor 6-0 
haa therefore been reconimended in such caaes as preferable. Bat 
even then the resulta obtainecl will be too low if the material 
under examination contain mach conghitin or ghudin^ (as, for 
instance, Inpin aeeds, almonds, brazil-nuts, wheat, etc.), as 
conglutin contains 18'4, and gliadin (§235) 18'1 per cent. of 
nitrogen. When, therefore, largo quantities of those bodies ai'e 
present, Eitthansen advisea multiplying by 5 '5. 

§ 225. /^ffwmtn..— If theexperimentdeacribed in g 93 has shown 
the presence of legumin (vegetabie casein), the maceration should 
be repeated in the cold (best ata temp. of 4° to 5°) for abont 
five hours, the clcar hquid docanted off, and the maceration 

' It was f ormerly assumed that th ey contained 15 6 par cent. of nitrogen, 
and tha amoont o£ the latter was therefore multiplied by a'33. Th&t the 
nitrogen foond in alkaloida, albuminDids, etc., by the mothüd of Varrentrspp 
and Will ia too low haa already been ahown by V. d. Burg (Zeitschr. f, &nal. 
Cham, iv. 322, 18B5), Nnwak (ibid. xi. 324, 1S71), and Seegen and IsTowak 
{ibid. xii. S16, 1873 ; xiii. 460, 1874). Meusel expresses blmgoH to the con- 
traty (ibid. v. 197, 1808). Märoker has Bhown (Ännal. d. Landwirthsch. xii. 
019) that the error in not so largo if the aoda lime used ia free from magnesia. 
See also Kreualer (Zeitachr. f. anal. Chem. xii. 354, 1873) ; Märcker (ibid 
221) ; Märcker und Abeaaer (ibid 447) ; Johnaon (ibid. 446) ; Bittbauaen 
(ibid. xiii. 240, 1374); Settegast (ibid. xvii. 601, 187S). On tho estima- 
tion of nitrogen, aee alao Nowak (Zeitachr. f, anal. Ciiem. lii. 102, IS73) ! 
Makrifl (ibid. xvl. 249, 1377) ; Habermann (ibid. svü. 376, 1878) ; Pflüger 
(Archiv, f. gas. Phjs. xviii. 117, 1879) ; Hanko (Ber.d. d. ehem. Ges. nu 
451) ; Schiff (Annal d. Cham, und Pharm, cxov. 293) ; Ritthausen (Zeitschr. 
f. anal. Chem. xviii. 601, 1878). 

" Compare Ritthauaen, Die Eiweiaskorper der Gatreidearten, HulHenfrüchle 
etc., 237, Bonn, 1872. 
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repeated once more. The legumiii eon then be precipitated aa 
doscribed.^ 

During all these manipulations, the exclusion aa fai' aa posaible of 
the carbonic acJd in the air ia most strongly to be urged. It would be 
liable, in moat casea, to cause an error by partially or completely pre- 
cipitating albuminoida allied to (pcrhapa identical with) legumiu, 
auch as globuün, or vegetable vitellin. 

If thß material haa not been previoiisly entirely freed from fixed 
oil (and tbia ia not always poasible with petroIeum apirit) the 
precipitated legiimin muat be finally washed with absoluta alcohol 
and with ether, to remove the oU mechanically retained by it. 

§226. Extraktion mlh DUnle Alkali — Eitthausen haa obaen-ed 
that the strongly acid reaction of many treshly powdered seeda 
decreasea on keeping, Now strongly acid liquida are lesa suitable 
for tha extraction of Icgumin than neutral or alkaline ; Wayl,* 
moreover, asaerta that fresh aeeds contain no legumin, and ex. 
preasea it aa hia opinion that this siibstanca is produced from 
vitellin and myoain during the manipulations. The differenceB 
that can thus arise ai'e extremely inconvenient. It must also be 
obaerved that pure water frequently extracts but veiy small 
quantitiea of legtimin from vegetable subatances containing that 
body, and that the major part is removed only by dilute alkali. 
Thia portion of the legumin {casein,^ glutencaaein, conglutin, 
vegetable fibrin) will therefore be disaolved when the residue in- 
soluble in water is treated with dilute (O'l to 0'2 per cent) soda 
or potash {§§ 103 to 106). If the presence of legumin is suapected 
it is adviaable to extract at a temperature of 4° to 6°. (See also 
S 233.) 

Should vtelarahk acid (§ 19.1) and legumin be extructed togetber, 
a total eatimation must first bc made, and the nitrogen then de- 
termined in a part of the precipitato, from which the amount of 
legumin preaent can be calculated. 

A current of carbonic acid might be passed tlirough the alkaline 
extract to ascertain whethcr globuün (vitelUn, myosin) can be thus 
precipitated (§ 93) ; ahould thia prove to be the case, it migbt be 

' Compore Ritthausen, toe. eil. lU. 

' Beitr. t, KenntniH d. thier. und pflsnz. Eiweiukörper. Disa. 1S7T. 

* The suheUnoeB heni referrad to agroe in most of thoir propertii«, but 
exfajbit certain differences : thus, glutenoaaein contain« more sulphur, and is 
more eaailj Boluble in ncetic acid than legumin. Ribthauaen advocates tbe 
lue of the wonl ' cueln ' aa a gioup^üeBignation. 
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rapidly filtered off with the help of a filter-pump, washed with 40 
to 50 per cent spirit, finally with absolute alcohol and with ether, 
dried and weighed. 

§ 227. Isolation ofFiteUin,ek.—GTQins of vitellui^ (aleurone, etc.) 
may be frequently isolated from substances containing them in 
large quantities, by a process of elutriation with olive oil,^ or a 
mixture of oil and petroleum spirit.^ Freed from oil with 
petroleum spirit, vitellin dissolves in water at 30° to 40% and can 
be precipitated from such a Solution by a current of carbonic acid. 
To obtain it in crystals the precipitate is digested with calcined 
niagnesia at 35°, filtered whilst warm and cooled. Schmiedebeig 
considers these crystalloids, as well as aleurone itself, to be 
Compounds of vitellin with alkalies or alkaline earths. The 
crystals are doubly refracting. 

S 228. Separation of Vitellin from Myosin. — According to Weyl,* 
vege table vitellin may be distinguished from vegetable myosin by 
requiring, in a Solution containing 10 per cent of common salt, a 
tomperatui-e of 75° for coagulation, whilst myosin coagulates at 
55° to 60°. The latter, which has also been found in potatoes, 
passes into Solution when the residue, after treatment with water, 
is macorated with 10 per cent Solution of salt. Small pieces of 
rock-salt suspended in such a Solution (previously neutralized with 
carbouato of soda) cause the gradual precipitation of the myosin, 
which, howover, can be redissolved by the addition of a HtÜe 
wator. Myosin may be separated from vitellin by diluting the 
Solution lai'gely witli water, precipitating both with carbonic acid, 
dissolving in dilute salt-solution and coagulating at the tempera- 
turo statocL 

§ 229. üstiination, — Experiments made by Liborius,^ Girgen- 
sohn,** aud Taraskewicz,^ havo shown that the albumen of blood- 
seruui, eggs, etc., can be estimated with tolerable accuracy by 

^ A ainiilar substance ooours in the seeds of Pinus cembra. See Schuppe, 
Pharm. Zeitsohr. f. Kussland, 520, ISSO. 

^ Conipare Maschke, Chem. Centralblatt, 864, 1858, and Sachsse, ibid. 588, 
1876 (Jouru. Chem. Sikj. xxxii. 200). 

^ Coni^iare Schmiedeberg, Zeitschr. f. phys. Chem. i. 206 ; Kitthauaen, 
Archiv f. die gea. Phys. xvi. 801 (Joum. Chem. Soc. xxxiv. 518). 

* Loc, cit, 

^ *Beitr. k. quant. Eiweissbest. Dias. Dorpat, 1870. 

' * Beitr. i, Albuminometrie und £. Kenntnias d. Tannin verb. d. AlbominAte. 
Diss. Dorpat, 1872. 

7 Kinig« Methoden i. Werthbeat d. Milch. Diss. Doipat, 1878. 
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nieans of the taiinin reagent mentioned in ^ 95, and Cramer- 
Dolmatow has found that extracts from one and the same plant 
yield concordant residts when titrated with the same reagent. It 
must be left, however, for further experiments to show what veget- 
al>le albuminoids ean be estimated in. thia ivay. 

§ 230. BsihnaUoncmiinued. — A grarimetric esthimtion mthtannin 
will generally yield higher resiJta than canbe obtained by coog-ii- 
lafitm (§ 94). The aource of the difFerence is to be looked for 
l)artly in the deficiencies of the latter method, and partly in 
the fact that a number of alluiminous snlistances soliible in 
water are not coagulated by boiling with dihitc acetic acid, but 
aro nevertheloss precipitated by tannia For this reason the 
reaulta obtained by the tailnin-nicthod wül generally agree bettei- 
with thoae yielded by pi'ecipitation with alcohol. Nevertholeas, 
I do not recommend the Omission of the eatimation by coagulation, 
for ifthediilerencoisconaiderablc, thatis, if the estioiation by the 
tannin-method }'ielda much higher reaulta than that by coagula- 
tion, it proves that another albuminoua substance ia present, which 
is not coagidated by boiling. It is only when the difference ia 
small that tlio presence of vegetable albumen alone may bö in- 
ferred ; it may then be estimated by precipitation by tannin. 

To render the coagulation-test as reliable as possible, I have 
rocommended chloride of sodiiim to be added, and the precipitate 
to be washed, first with boiling water, and Hubaequently with 
dilute spirit. If the chloride of sodium is omitted the precipita- 
tion is generally lesa complete, and prolonged washing, especially 
with cold water, is liable to rediasolvc part of the albumen. 

Ferments. — Simultaneously with the albumen a number of other 
subatanoea may be partially or whoUy precipitated, which, although 
agreeing with albumen in many respects, have been too little 
investigatod from a chemical point of view to justify their being 
clasaed str^ghtway as albuminoids. I refer to the so-called fei-- 
rnenls. Like albumen, they cont&in nitrogBn,and are precipitated by 
Btrong alcohol, etc. ; moat of them, probably, are coagulated like, 
or together with, albumen when boiled in aqueous Solution. They 
aro distinguished from albumen by their fermentative action, which 
evinces itself in various ways. Diaatase, like saliva, converts 
starch into sugar, whilst invertin ch&nges Saccharose into invert- 
Hugar. Vegetable ferments allied to pepain (papayotin) peptonizo 
albumen. Myrosin decomposes myronic acid, emulsin amygdalin ; 
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but emulsin does not attack myronic acid, nor does inTertin 
convert starch into maltose and dextrin, etc. It is easy, there- 
fore, to detect diastase in malt, invertin in jeast, emuLdn in 
almonds, etc., thejpresence of which is anticijpated. The liquefaction 
of starch-paste, the conversion of cane-sugar into invertHSugar, the 
development of hydrocyanic acid and oil of bitter almonds, are 
changes so striking and so promptly effected, that the qualitative 
detection of the ferments producing them leaves nothing to be 
desired. But the varied nature of the ferments themselves and 
of their action renders it exceedingly difficult to detect them in 
vegetable substances that have not previously been examined, as 
a general reagent applicable in such a case is yet unknown. It 
must be admitted that attention has been drawn to the fact that 
the ferments liberate oxygen from an aqueous Solution of peroxide 
of hydrogen, to which a little tincture of guaiacum has been 
added, and thus produce a blue colouration of the mixtura But 
it is hardly to be expected that this property should be shared by 
all ferments, or that it should be peculiar to them alone. 

§ 231. Estimation of total Alhumen. — The total albumen soluble 
in water can be estimated by means of acetate of copper, provided 
that no tannin or other substance precipitated by the same reagent 
is present in Solution. The precipitate produced by an excess of 
the acetate is filtered oiF, dried, weighed, and ignited, the resulting 
oxide of copper being deducted.^ 

If other substances are thrown down with the albumen the 
nitrogen in the precipitate may be determined, and from that the 
albumen present calculated. Kitthausen ^ and Taraskewicz ^ have 
proved experimentally that the precipitate contains the whole of 
the albumen, casein, etc. 

§ 232. Estimation continued, — Sestini^ considers it advisable to 
precipitate with acetate of lead. In cases in which other nitro- 

^ In some instances it is necessary to add a considerable excess f or complete 
precipitation of the albumen. In an experiment made by Taraskewicz with 
casein. 1 gram of oxide of copper (in the form of acetate) was f ound to pre- 
cipitate 4*19 gram of casein; biit for complete precipitation an amountof 
acetate corresponding to 4*55 grams of oxide had to be added. 

2 Loc, dt. 34, etc. ; Ritthausen and Settegast, Archiv f. d. ges. Phys. xvi 
293, 1877. See also Mömer, Upsala Läkarefören. ForhandL xii. 475, 1877 ; 
Fassbender, Ber. d. d. ehem. Ges. xiii. 1818, 1880 (Journ. Chem. Soc xL 
205). 

^ Loc, CiL 

* Landwirthsch. Versuchsst. xx. 305, 1878 (Journ. Chem. Soc. xxxiv. 740). 
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genoua substances accompany tho albumen in aqiißoiis Solution lie 
ailvises the dotermination first of tlie total nitrogen ; a part of tho 
original substance is then to be boiled with water for an hour, 
mado distinctly acid with lactic acid, mixed with acetate of 
load, and filtered ; the insolublö residue is dried and the nitrogen 
in it estimated. He thu3 assumes that all the nitrogen not 
prosent in the form of alhnminoids passes ioto aqueous Solution, 
and the nitrogen in tlio inaolublo rasidue after precipitation with 
leail indicatea the total albumen, both soluble and inaoluble. 

In addition to the foregoing precipitants, some of the group 
rcagonts for alltaloids — phosphomoljbdic, phosphotnngatic acid, 
potiisaiomei'curic iodide, etc. — also throw down albuminoua sub- 
stances (g 63). Phosphotungstic acid preclpitates pcplones, and 
might therefore be used for their estimation in vegetable infnsions 
previously freed from albuminoua substances by coagulation or 
precipitation with lead.' 

' See Schulz? nnd Barbieri, Landwirtbsch. Vermicbsat. xxvi. 213, 230, 231, 
1881 (Juurn. Chem. Soc. xl. 312) ; Chem. CratralbUtt, 71*, 731, 7*7, 761, 
1881 ; Befreenu, lUipert. äe Pharm, vüi. 453, 1881 ; Hofmeister, ZeiUohr. f. 
phys. Cham. iv. 253, 1880. 

From tbe raaulte recently obtajned bj Schul^ie and Barbieri, it appeara pro- 
bable that pBptonea are of far moro frequent oceurrence tban coold have been 
anticipatml. As plante cuntain peptonizing fermeota, tbu posisibility must not 
bo ignured nl pepCimea beinj; produced during tho pmparation of aiioeous infu- 
«Ion« ; the; nre also occiu[on»lly foimd ready fonned in plant». The foUowing 
are the more Important propertiea oE peptonea ; They yield with water sulntioiui 
from whicb they are preoipitated bj alcohnl, and rtdissnived by the addition 
iit water. EHtimation, however, by preeipitalion with alcohol is said to yield 
unsatisfactory results. In aquoous solntioEi they are not ooagulated by warm- 
ing, noT are they thrown down by nitric acid, alum, ferrocyanide of potassium, 
DT acetate of leod, but they are precipiCated by tannin ; and in the presence of 
neutral salts (siilpliata of magnesia, etc.) tLe Separation is often very complete. 
Feptonea are preoipitated. as abave stated, by phDSphotuDgstio acid, and thla 
take« place in an acetio acid Solution ; a property that enables ua tu separate 
thetn from other nitrogenous «ulatanceB thrown down b; the aame reagent 
from Solutions containing a mineral acid. The mcwt iniportant reaction oE 
peptones is the ao-oalled biuret reaction. An aqueous Solution oE a peptone 
aasumes a pnre red colour on the addition oE cauatio soda and very dilute 
Bututlon of BiUjihate of copper (avolding exoeaa) ; Febting's Solution produees 
the same eSect. The following might temporarily be recommeuded aa a 
■uitabia method for the detection of peptones : The (fresh) material to bv 
cxaniined Is triturated with sand and water, strained, waahed with water and 
prtHiiod. The liquors ate united, acidiüed with acetic acid, warmed and 
Slterad from the coagulum. From the filtrate any albuminoids remaining in 
wilution are precipitaCed by the addition of acetate of lead, or, better, by warm- 
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Precipitation by pheool and calculation from the nitrogea 
containedin the preci]>itate has been recommended hy Church ' for 
the estimation of tho albuminoids in vegetable infusions, in the 
preaence of amides, etc. 

My experience in precipitatiug albnmen, etc., with phenot 
compels me to douLt the possibility of always obtaining complete 
Separation by this means. Sestini has also expressed himself to 
the same eSect, 

§ 233. Exlmction with Düuie Acid. — It lias already been obsen'eJ 
that the residue of a vegotable substance, after exhaustion with 
water, yielda albuminous aubstances to dilute alkali. The same h 
the case with dÜute acid (2-12 per cent HCl), the substances 
extracted being gluten, fibrin {§ 235), gliadin, muceclin, etc. Biit 
the albuminoids brought into Solution by these two solvents do 
not appear to be always identical ; at least Wagner foimd that 
the amouQt romoved by dilute alkali (after exhaustioa of the 
material with water) did not coincide with tliat extracted by acid. 
(Compare also §§ 111, 106). It might nevertheless in many 
caees be desirable to ascertain to what extent the sabstances alüed 
to albumen resiat the action of water, dilute aJlcali (cf. g 226) anJ 
diluto acid respectively. 

In eatimating the value of certain vegctable substancea as foods, 
it will often be found desirabla to determine what proportion of 
Proteids ai'e dissolved by the combined action of pepsin and 
hydrochloric acid after the mateiial has been exliausted with water. 

From experimentfl that havo been made in this direction it 
would appear that hydrochloric acid and pepain dissolve more than 
the former alona.- In maldng such estimations I shouJd recommend 
100 cc. of water, 1 gram of 33 per ccnt, hydrochloric acid, and O'l 

by phosphotungatic acid. The procipitate ia filtered off es rapidly ai posaible, 
waehed with fi per ccnt. sulpliuric acid and traneferred whilat still moist to & 
mortar. It is then triturated with exceaa o( hydrate of boryta, wanued for 
a ahurt tiine and filtered. If the filtiate ia colaurlesa, the biuret-teat oan be 
applied ; if jellow, it can frequentlj be decolourized bj adding a little Sicetftte 
of lend, and filtering ofl from the prccipitate thua produoed. Aninial chajrcool 
Bhould not be uaed, as it absorba peptone. Scliuke and Barbieri, ytba pro- 
poeed the foregoing method, bave o1:tained approxiinate quantitatire reaults 
CO lorimetrically . 

' Landwirtbach. Vcraiichast. jutvi. 193 (Joum. Chera. Soc. xxKviii. 588). 
See also Seetini, lix:. cit. 

' See Keaaler, Verfluche Über die Wirkung des Pepaina auf einige animal. 
n. Tegetab. KalmingainitteL Dias. Dorpat, 1880. 
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o£ good pepsin to be taken for every 3 grams of fioely powdered 
8ubstatio& Starch, if present in large (|uaiitity, might with 
advant^e be previously converted into maltose and dextrin by 
boiling, cooling to 40°, and digesting for four hours at that 
temperature, after adding O'OOS gram of active diastase. 

g 234. Extmcikn loHK Spicä.^-Some of the albuminoids in- 
soluble in water attract our attention by tbeir soluhüUy in apiril, 
as, for instance, those known as glutenfibria, gl'uidm (or vegetable 
gelatine), and mucedin. In seeds only have these three aubstancea 
been detected with certainty ; tbey remain undiasolved when the 
material containing them is treated with water, or, at most, tha 
mucedin alone ia partially taken into Solution. They would be 
removed, however, by the düute alkali uaed for the extraction of 
the glutencaaein (§ 226), and it ia adviaable therefore, in looking 
for these subatances, to treat the material with spiritprevioualy 
to extracting the glntencasein with alkali. Part, however, of the 
glutenfibrinandahttlagliadin wouldboleft undissolyed,and would 
be aubsequently found with the casein (g 226). The spirit Bhould 
be used cold, and ahould be of a strength of about 60 to 80 per 
cenL The maceration muat extend over a conaiderable perioJ, 
and the apmt be renowed aeveral timea. The iinited extracta are 
distilled until the strength of the spirit is reduced to 40 to 50 per 
Cent (not less). On cooling, a clear slimy maaa separates, con- 
eisting principally of glutenßbriti mixod with a few flocks of glnten- 
casein and posaibly fat (whieh is, however, better removed by 
petrolcnm spirit betöre treating with alcohol). If the majority ot 
the spirit is distilled off from tho clear liquor a socond precipitate 
will form, consisting principally of gliadin and mucedin, and a 
further quantity of the same two eubstancea (impure) can be ob- 
tained by neutralizing the filtrabe vnih a little potash and con- 
centrating. 

All these precipitatoa are tritnrated with absolute alcohol until 
they become hard and solid.^ Fat, if present, is removed by 
treatment with ether. 

We are as yet imacquainted with any method of separating the 
glutenfibriu, gliadin, or mucedin for quantitative determination. 
>Vc must therefore content ourselvea with making a total estima- 

' The ipirit dissolvus a little 'jluteiißbrin, which can Bubsequeutlj be precipi- 
Cikted by Bther. 
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tion, aod applying a few qualitative teats to show the preaence of 
one or more of the subetances referrcd to. 

§235. Prapeiiies: Glulenfibnn. — Glutenfibrin is insoluble in 
■wa.tei and in absolute alcohol, but dissolves eaaily ia warm 30 to 
70 per Cent spirit, separating again on cooling.^ It is also taken 
np by cold SO to 90 per cent. spirit^ Prolonged boiling with 
irater convertä it into a gelatinous substance insoluble in spirit, 
acids, or aUtalies. Glutenfibrin dissolves vrith facUity in cold 
dilute acids (acetic, citric, tartaric, hydrocbloric), and in alkalies; 
with ammonia, lime- and baryta- water it gelatinizes. It is pre- 
cipitated from both acid and alkaline Bolutions on neutralizing, 
and is also thrown down by acetate of copper." 

Gliadin ia characterized by ita tough, alimy consistency. It ia 
aparingly soluble in cold water ; a considerable quantity dis&olvea 
on boiiing, but, like glutenfibrin, it undeT^oes simultaneoiisly 
a partial decomposition. Gliadin ia insoluble in absolute 
alcohol, but dissolyea in 60 to 70 per cent spirit, both cold and 
warm (eapeciaDy freely in tha latter). In general it resembles 
glutencasein in ita behaviour to dilute alkalies and acids, but 
ammoiiia, lime- and barjrta- water dissolve it. Boiled with con- 
eentrated hydrochloric acid it yielda a bluish-brown Solution. It 
is precipitated by acetate of copper, but not by mercuric cbloride. 
Attention haa aiready been directed {§ 224) to the high percentage 
of nitrogen in gliadin. 

Mucedm ia far lesa tough and elastic than gHadin, and is more 
easily aoluble in 60 to 70 per cent. spirit It is precipitated from 
a cold Solution by 90 to 95 per cent apirit in ßocks or Jriahle 
massea (soIutions of gliadin become milky) ; stirred up with water 
it yields a cloudy mucilaginous liquid, which clears again on 
Standing ; but, if warmed, tho aqueoua Solution becomes cloudy 
and remains so for a conaiderable period, tili finally a flocky maas 
aeparates which is only partially soluble in acetic acid and spirit 



' On concentrating auch BolutiooB the glatenEbrin forms a ekiti on the sor- 
faoa of tha liquida, which disaolvBB again on Btirring. Gliadin tmd mucedia 
do not exbibit this peculisrity. 

^ Glutenfibrin agreea with inaize-fibrin in moat uf its properties ; tbe latter 
containa only lö^B (inatead of ]B'9) per cent. of nitrogen, and is inBoluble, or 
onlj partially diaeolved, by dilute acetic, citric, tartaiic and oxalic acide. 
Zander hsa receutl; reported on another albnminous Bubstance soluble in 
apirit (' ChemlacbsB Über die Samen des Xanthiuni Stnunarium.' Diaa. 
Dorpat, 1881). 
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In itiS other properties it i^ces fairly well with gliadin. (Compara 
also § 237.) 

§ 236. GMen. — Glvtencasein, glutenfibrin, gliadin, and wacedin are 
the principal conatitueiits of the so-caUed gliiten which possesses 
such importance as a food. An estimation of total gluten is 
generally made by rubbing Aowa 10 to 20 grams of the meal to 
a paste with water, tranaferring to a fine linen cloth, and washing 
with diatilied or rain-water until the washings, on standing, depoait 
only traces of starch. The masa is then pressed, scraped from 
the cloth, and dried on watch-glassee, finally at a temperature of 
115° to 120° ; it shonld then be powdered and dried ^ain until 
the weight is constant In this method of estimating gluten it 
will be fonnd advantageouis to add a weighed quantity (1 to 
2 grams) of purified bran, the weight of which is afterwards, of 
conrae, to he deducted from that of the total gluten. ^ 

According to Benard and Girardin,* the amount of gluten found 
varies if the misture is allowed to stand before washing with 
water, It would be advisable to begin washing about three houra 
after mixing tho meal with water. 

g 337. Svhstancfs dissolved by DüiUe Alkali, vßt preäpUatfd 6y 
Acid and Spirü. — In estimating metarabic acid and albuminons 
enbstances epariiigly solnble in water, as directed in g§ 103 and 206, 
it will not unh«qnently be observed that tho total substances ex- 
tracted by dilute alkali aro conriderably in exceaa of those pre- 
dpitated by acid and alcohoL A part of the fonner, therefore, 
mu&t still remain in Solution, and will be recovered, together with 
acetate of sodinm, by evaporating the filtrate (g 107). We may 
expect to find bare the constüuenls of gluten (including gliadin) and 
producta of their decomposition. After distilling oS the majority 
of the spirit, they might he precipitated with acetate of copper, 
and estimated as directed in g 231. 

The Bubstances not precipitated by this reagent aro probahly 
allied to, or derived from, vegetable mncilage; they may ba 
estimated by removing the excess of copper with sulphuretted 
hydrogen, evaporating to drynass and weighing, daducting the 
acetate of soda preeent 

With regard to the latter, I may observe that it cannot be cal- 
culat«d from the amount of soda used, bat muat be estimated by 

' GompKre AicIüt d. Phann. ciov. 47, ISil. 

» Jonrn. de Pharm, et de Chim. [B], iv, 127, 1881. 
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incinerating a portion of the dried residue, and calcnlatiTig from 
the carbonate of soda in the ash. In many analyses made in mj 
laboratory, the amoiint of soda in Solution has been found to be 
mach smaller than was expected from calcnlation ; pari of it ins 
evidently retained in the insoluble residua 

§ 238. Other Nitrogenous Svhstances, — We possess liaxdlj anj 
knowledge at all of the nitrogenous substances that aie fu4 du- 
solved hy water, alcohol, or alkalL I have already stated (§ 234) tbat 
they may sometimes be extracted by hydrochloiic acid and pepsm, 
but Trefiner's researches on the chemical composition iA Ae 
mosses, alluded to in § 106, prove that this is not alwajrs thecaaa 
I will here only remark that, in estimating the nutritive Yalne of 
a plant, such substances cannot, without further consideratioii, be 
considered as albuminoids. 

AMINES AND THEIR COMPOUNDS. 

§ 239. Monamines, — ^According to A. W. Hofmann, monamineB 
may be distinguished from other amines by means of the isonitrile- 
reaction, as the latter do not evolve the characteiistic odour ol 
that compoimd when warmed with alcoholic potash and Chloro- 
form. 

Another reaction f or monamines consists in warming an alcoholie 
Solution with bisulphide of carbon, by which a sulphocarbamide of 
the base is produced. This Compound, when heated with an 
aqueous Solution of mercuric chloride (not in excess) develops an 
odour of oil of mustard.^ 

§ 240. For the Separation of ethylamine from diethyl- amd truäv^ 
amme by means of anhydrous ethyloxalate, see A. W. Hofmannj^ 
the author subsequently availed himself of the method in separ- 
ating the methyl bases. Carey Lea^ recommends picric acid for 
the ethyl bases. 

In Hofmann's method the ethylamine is converted into diethyl- 
oxamide, which can be recrystallized from water, and yields 
ethylamine by distillation with potash. 

Diethylamine yields under the same conditions oily ethylic di- 
ethyloxamate, which can be purified by distillation (boils at 260**), 
and converted by potash into diethylamine. 

1 Ber. d. d. ehem. Ges. iü. 767, 1870. 

2 Joum. f. pract. Chem. Ixxxiii. 191, 1861 ; Comptes rendus, Iv. 749, 1862. 

3 Chem. Centralblatt, 76, 1863. 
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Triethylamino is not attacked by ethylic Oxalate, acd can be 
fleparated from diethyloxamide and ethylic diethylojcamato by 
distiUation (B.P. 91°). 

Tha threa coiresponding methyl basea behave in an cxactly 
Bimilar manner. Trimelhylambie boila at 4° to 5° and can easily be 
aeparated from the crystalline methyhlhyloxamide and the liquid 
ethylic dimethyloxamate (B.P. 240" to 250°) by diatillatioa 

§241. Eslimatkin. — Sachsse and Kormann ^ have published a 
method for the approximate estimation of amidea, baaed upon their 
decomposition by nitroua acid with liberation of nitrogen ; the 




latter gas is collected and measurcd, and from it tho amount of 
amide originally preaent ia calcnlated. 

The apparatusuaedfortha estimation iashown in Figa. lOandll. 
The generating vessel A ia of about 50 to 60 cc. capacity, and 
cloaed vrith an indiarubber cork bored with threo holes ; through 
these there pasa two funnel-tubes, a and h, and a bent delivery 
tuba c, to which ia attached, by meana of a long indiarubber tube, 

m. Soo. xxvli. 784); 
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a curved glasa point d. About 6 cc. of a concentrated aqneoas 
Solution of nitrite of potassium (free from carbonate), together 
ynik nearly an equal quantity of water, 13 introduced into the 
generating veasel, The Iower parte of the funnel-tubes, that 13 
up to a litüe above the tap, Bay about e, are also filled vnüi water, 
so aa to diaplace the atmospheric air. Dilute Eulphuric acid ü 
now poiired into one funnel, and a weighed quantity of the anüde 
disaolved in water into the other, taking care riot to alloa oajr 
buhbles of air to adkere to the sides. 




The atmospheric air in the apparatiis has now to be disphiced, 
and this ia efTected by mnning sulphuric acid, httle by little, into the 
nitrite Solution, by which nitrous acid and nitric oxide are evolved. 
To ascertain if the displacement is complete, 6 to 10 cc, of the gas 
from the generating vessel are allowed to pass into the measnring 
tube (Fig. 11) previously filled with Solution of ferrons sulphate. 
Not more than O'I cc should remain unabsorbed, Freah iron^ 
Solution may be introduced, if nccessary, from the flask B, as suh- 
Bequently described. The appai-atua is now ready for the cotn- 
mencement of the actual experlment. The measuring-tube, stand- 



sah- ^H 
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ing in a pneumatic trough, ahould be capable of holding 50 to 60 
cc, and be graduated to 0'2 cc. It is fiUed wlth the iron-aolution, 
contained in B by opening the clip h and blowing through the 
shortcr hent tubo in B ; by this moana the Solution can be nin into 
the pneumatic trough ; on opening / and aucking at g the Solution 
riBCB in the tube until it raachea and passes/, which should then 
be closod. 

After replacing the clip h, the bent point d is introduced ander 
tho measuring tubo and the Solution of the anddc allowed to run 
froni the second funnel-tube into the generating vessel, rinsing with 
a little water, but keeping the tube from e downwards füll of 
liquid. Small quantities of sulphuric acid are allowed to run into 
the generating vessel fi'om time to time, when the evolution of gaa 
becomes sliiggiah, taking care that the measuring-tube alwaya 
containa sufficient strong Solution of ferrous sulphate ; this can be 
ensured by frequently opening tho clip h and aUowing the Solution 
from B to nm into the roeaauring-tube. The end of the decom- 
position is recogniaed by the liquid in A asBuming a permanent 
bluö colour from excess of nitrous acid. The remainder of the gas 
iB then driven out by fiUing the entire apparatus with watfir 
through the second funnel-tube until it flows into the meaauring- 
tube through d. The delivery-tube is now removed, and the 
wholö of the nitrio oxide absorbed by the introJuction of freah 
iron-solution. After closing the clip k, the deliveiy-tube from B 
is drawn out of the meaauring-tube, and the latter transferred to a 
deep cylinder, where the iron-solution is removed as far as possibla 
and replaced by caustic soda to absorb carbonic acid. When thia 
has been effectcd, the measuring-tube ia lowered in tho cylinder 
until both liquida have the same leveL The volume of gas ia now 
read off, reduced to 0° and from it the amount of amide originally 
present calculated, deducting 1 cc. as unavoidabJe error caused by 
the atmoBpheric air mixed with the nitrogen ; 28 parts by weight 
of nitrogen indicate 150 of crystallized asparagine, 131 of leucine, 
and 181 of tyrosine. (^ 191, 192). 

§ 242. Amidk Acids. — The amidio acids referred to in§ 101 are 
freely soluble in wator and 50 per cent. spirit, requiring consider- 
able quantities of strong alcohol for precipitation, so that in thia 
reapect they resemble such substanees as dextrin, levulin, etc. 
They are precipitated therefore with, or in the place of, dextrin 
and the like, but düfer from theae bodios in containing nitrog< 
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The precipitate obtaiDed as dextrin (cf. ^ 76, 198, 199) must be 
testod for nitrogen, and if miich is found, experimenta mtist bo 
made to ascerttün whether any one of the following sabstance« 
is present It may sometämes be ppproximately estimated, 
if found, by mixing the aqueoua Bolution with alcohol \ÄSi 
it containa about 50 to 60 per cent., filtering, evaporating tbe 
filtrate to a syrupy consistence, and now precipitating with 5 to 
6 Toiumes of absolute alcohoL From the amoimt of nitrogen in tbe 
precipitate the quantity of amidic acid present may be calculated. 

Caiharlk Acid occura in Beona, in the bark of Rhamnus frangnla, 
and probably also in rhubarb.^ It is a glucoaide, yielding by its 
deconipositioD sparingly aoluble calhartogenic acta and 34'1 per 
cent. of gliicose. According to Kubly, cathartic acid^ containa 
1'48 to rSl per cent of nitrogen, cathartogenic acid 2'46 per 
cent; The latter ia easily produced by heating an aqueous Solu- 
tion of cathartic acid with access of air ; in f act, that substance 
deconiposea with great facility in the presence of bases and air. 
In senna and rhubarb it is contained chieHy in combination wiüi 
bases (the alcohol precipitate coDtaining 4 to 5 per cent. of aab); 
but in Khomnus frangulä it appears to occur, portly at leaat, in 
the free State. It is a streng purgative. 

Husson* estimates the qnality of a rhubarb by ascertaining 
the amount of iodine an infusion is capablo of absorbing ; but 
Greenish^ has ahown that this method does not yield reliable 
resulte. 

Sclerotic Add'' is a constituent of ergot, and containa about 4'2 
per cent. of nitrogen, but no aulphur ; its activity is not destroyed 
by acids, etc., if in contact with them for a short period only. In 
Bolnbility it resembles cathartic acid. Its action, when liiject«d 
Bubcutaneously into frogs and other animals, is that of a powerfnl 

' Comparo Kubly, 'Ueber das wirlcsaniB Princip und einige andero Best, 
d. Sennesblätter,' Bisa. Dorpat, 1365, uid Phonn. Zeitschr. f. Russland, JT. 
429, 1S5. On BtUitiiiiiiB Enuigiila, aee also FbArm. Zeitschr. f. Russland, T. ISO, 
1868. On rhubarb, ibid. vi. 803, 1867 ; xvii. U5, 97, 1878 (Pharm. Joum. and 
Trana. [3], ix. 813, 933, 1879). 

' Probablj also aulphur ; cathartic acid from EhRmnuB frangula bark con- 
taina leen nitrogen. 

' Union Pharm. 99, 1875 (Year-book Pharm. 344, 1875). 

* Pharm. Jouro. and Trans. [3], ii. 813. 

' Compare Dragandorff and Podwissotiki, Aichiv f. exper. Patholog, and 
Phsrm. 153, 1876 ; Siti-Ber. d. Docpater Naturf. Ges. 109, 392, 18T7 (Fhaim. 
Jouni. and Trans. [3], vi. 1001). 
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poison.1 It ia precipitated by tannin and basic acetate of lead, 
and from concentrated aolutions also by chlorine- water and 
pheaoL It does not ehare witb albumiDoida the reactions men- 
tioned in g 93. 

On keeping ergot for any length of time, part o£ the sclerotic 
acid appears to be converted into an allied substance containing 
6 6 per cent of nitrogen, which has been named sderomucin.. It 
can be extracted with warm water, but requires lesa alcohol for pre- 
cipitation than Bclerotic acid. Diffusad in water whilat stiil moist, it 
forms a mucil^noua liquid ; btit once dried, it is not dlasolved by 
cold water, and not with facility by warm, It roaemblea sclerotic 
acid in ita action and other properties. 

STARCH, LICRENIN, WOOIMSUM, ETC. 

§ 243. Slarch. — Starch is not, as ia well known, a homogeneouB 
Hubstance, but it is neverthelesa usual, and very properly so, to 
estimate the whole of tho carbohydrates of which it is composed 
as directed in §§113 to 115. Formerly three principal con- 
stituenta of starch were generally distinguished : first, one striking 
a blue colour with iodine, and passing into Solution when 
starch is triturated with powdcred glasa and water — sohble starch, 
amidiäin, t amylon (Bächamp) ; secondly, a substance character- 
ized by its insolubiUty in cold water, aolubility in saliva, etc., and 
by tho blua colouration it yields with iodine, granvlose, the prin- 
cipal conatituent of all starch - and thirdly, cellviose, which, in the 
form of a membrane, gives to the starch grain its particular shape^ 
is coloured yellow by iodine (after boiling with water, violet), and 
ia converted by chloride of zinc into a substance that is tlnged 
blue by the same reagent. 

Some years ago Nägeli^ stated that in bis opinion there ex- 
isted two difTerent modiScations of amylon, which he called Hue 

' From 0'03 to O'Ol gram producea in frogs n BWelling of the akin uid olmoat 
complete pnjaljii«, commencing at tha hinder eitremities. IrritJiQlB produce 
nn efftct, nnil indeed the animol gives no other sign of life than an occaeionil 
feeble contraction of the heut. Althoi^h its coDdition inay appear to improve 
in the conrae of five to BSTsn dajs, it Bometimea BucciunbB to a relapss. 

- Anoal. d. Cbem. and Phum. dxxiü. 11%, 1974 (Juum. Cbem. Soc. xiviii. 
Ü5. See ab» Mmculiu, Annal. de chim. et de Phys. ii. 38S, 1874 tPharm, 
Joum. »nd Traiw. [3J, v, 3) ; Musanlua and Grober, Joum. de Pharm, et de 
"L SOS, 1878 (Joum. Chem. Soc. xxxiv. 778) ; Bondonneau, Repert, 
""" ■ 1. Chem. Soc, ixii. 3B5) ; Joum. de Pharm, et 

lamp, ibid. 141. 
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and yellmo, according to the colour they yielded with iodme. i 
These two were connected by intermediate modificationä stribn^ I 
violet, reddish and reddish yeUow colonra with iodme, differen 
Tvhich are probably referable to variations in the densitv. In tJsawAr \ 
ance with this theory the sevoral modiScations vary in the resistaiioo 
they ofier to Bolvents and chemical agents. As the blue modific&tiaa 
is the most eaaily attacked, it might be considered to be thit dt 
lowest density. It ia foUowed by the violet, red, etc., in sno 
eion up to the yellow, the densest form of which fihows a grat I 
reaemblance to celluloee. When starch is boiled the blue modifi- | 
cation passes into Solution, carrying with it a little of the yellow. 
If the fonner ia removed by allowing it to decompose, the yellow 
modification separates out. From a Solution of the latter, pre- 
pared by prolonged boüing with water and concentrating, crysUls 
of amylo-dexlrin can be obtained, which are coloured yellow 1^ 
iodine. 

The bodies above refeired to occur in different proportions in 
tho different vaiieties of starch, and the amount of either present 
might poBsibly be found to be characteiistic of the starch imder ei- 
aminatioa It might, for instance, be ascertained by comparative 
experimenta how long tho action of an seid of certain strength 
mtist he cotitinued before the blue or red colouration Tritb iodine 
ceaaes to be producod. For the Isolation of the yellow modification, 
formerly called cdMose, y amyhn (Bdchamp), I have recommended 
digestion at a temperature not exceeding 60°, with 40 parts of i 
eaturated Solution ot chloride of sodium containing 1 per cent of 
hjdrochloric seid, and washing with water and dilute spirit I 
have thus obtained S'i per cent from arrowroot, 2-3 per cent 
from wheat-starch, and 5'7 per cent. from potato-starch. 

g 244. Hyärocdlulose. — A blue colouration of the celt-wail is frfr 
quentlynoticed when sections of vegetablo substancea are moistened 
with iodine wafcer. It was probably thia reaction that gave rise to 
tho theory that a modification of cellulosß could occur striÜng a 
blue colour with iodine. 

I do not concuT in this view ; in fact, I am convinced that in 
such cases the cell-waU in qnestion containa bestdes cellulose, which 
is characterized by its power of resiating the action of chlorate 
of potash and nitrio acid, other carbohydrates (amyloid), probably, 
at least m part, of the compoaition Cl.,Hg20^^, agreeing therefore 
in this respect with orabic acid, pararabin, etc. AVhether theai 
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carbohyJrates are hi/drocelluloses, such aa arc formed from celluloae 
by the action of concentrated aulphuric acid or chloride of zinc, is 
a matter for further inquiry. If the treatment with the above 
oxidizing mixturo of chlorate of potash and nitrio acid (g 119) is 
continued long enough, such eubataucea are alwaya destroyed, 
Some of thera are Boluble in boiling water. This is the case 
with one contained in the aaci of certain lichena (Cetraria), etc., 
from which it is extracted, together with hchcnin, by boiling 
with water ; hence the erroneous idea that the hchenin itself was 
coloured blue by iodine.^ 

Berg's reaearchos havo ahown that if a decoction of the lichenin 
be allowed to gelatinize by cooling, eut into pieces and 
macerated in diatilled water, the whole of the aubstance that 
strikes a blue colour with iodine paaaea into aolution, from which 
it can be isolated by precipitation with alcohol, although impure 
and not free from ash. After drying it ia to a great extent in- 
aoluble in wator, and ia converted iato augar by boiling with düute 
hydrochloric acid {4 per cenL of acid of sp. gr, ri2) for a period 
of two houra, a change which ia not cfJected by pure water. The 
glucose produced ia dextro-rotatory, and aa the decompoaition takes 
place tolerably amoothly, the amount of the aubatance, which we 
may temporarily call lldieii-slardi, can be determined by eatimating 
the sugar thus formed. Lichen-starch diaaolvea tolerably easily in 
ammonia of sp. gr. 0'96, and is precjpitated from thia Solution by 
spirit. It uppears to be moro difücultly solubls in dilute alkalies, 
and ia not converted into augar by diastase or saliva. 

§ 2't5. Licitenin. — Lichenin ia characterized by its property of 
gelatinizing, which ia cxhibited by a Solution containing 1 in 60. 
It is inaoluble in cold water, alcohol, and ether ; boiling water 
diasolvea it, aa do also antmonio-suiphate of copper and concen- 
trated (20 to 30 per cent.) potash. From ita aolution in strong 
potaah it can be precipitated by alcohol in the form of a potas- 
sium-compound containing up to 10 per cent. of alkali. Concen- 
trat«d hydrochloric acid also diasolvea it, but ^vith simultaneous 
(partial) decompoaition. When boiled with dilute acid it ia 
converted with even more facility than lichen-atarch into a dextro- 

' Compttre Berg, ' Zur KenntnUs de« in Cetroiia islandic« vork, LiDhenliM 
lind lodbtiiuQnden StuFTge,' DEu. Dorpat, 1S72. From Bet^'a experimentB it 
»ould »ppenr th»t the fonnuU C,HioOi woulil indicate tha colnpoaition ot 
lichsn-iiMicl) better tban CdUbOj, ; tha lune is tnie o( UcheniD. 
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\ arid allowed v> Btand exp^osed to the air, with occasional a^iuiiL... 

I Oll til the ez&e3.s of ammonia has disappeared ^not lon^eiy. Ti.. 

t precipitat^l iriixtar»': of morphine, narcotine, and mec'.::...: 

; calci am i'ü filtf;re^l off and dried. Ir should amoimt t'> i. *. 

than 1 \ per cf:nt. of the opinm nsed. Filtrate and wa^hin^ ••** 
treate^l according to V. 

IIL The precipitate 15 removed from the filter, rediwred t« ♦*»• 
finest possible powder, and maeerated with^r« ether in » «h^ ■■ 
flask a» long as n/ircotim is removed. The ethereal solntionn are ^- 
filtere^l through the same filter, evaporated to dryneas at iiir^'T= 
and weighed, or instead of weighing the residue may be diBSoireitnz 
in water acidulated with sulphuric acid, and titrated with pouBHaHKf.T=: 

mercuric iodide (% 65;. The weight is noted as the amouuL 14.: 

narcotine «oluble in water. i:^ 

IV. The residue insoluble in ether is dried and exhau&U;ä ; 



boiling alcohol of specific gravity 0'81, which removes moip««;;»., 
and leaves meconate of calcium undissolved. The alcoliuliu .v.~ 
tions are filtererl through the filter already used in the exu:;.^^... 
with ether. The weight of the alkaloid can be ascertaineJ cl.!... 
by evaporating to dryness, redissolving in acidulated wat^:. ^ 
cipitating with ammonia, and weighing, or by evaporating, : "-' 
Holving in dilute sulphuric acid, and titrating according t'- " "' 
600^1 Opium contains at least 8 per cent of morphine. 

V. If the morjihine is reprecipitated for gravimetric estiT^^ ^'"'■ 
the filtrate may be mixed with the filtrate from IL, made nH-^^^ 
with ammonia, and shaken with amylic alcohol. All the mon*'' 

in Solution is thus removed, and the amount which eacapes ■pr»»'**'^"* 

tation in IL is sometimes very considerable. The amylic-almhnt 

Solutions are cvaporated to dryness, the residue dissolyed fn n 

littlc acidulated water, precipitated with a slight excc:^- 

ammonia, driod, woighed, and noted as morphine. A c< •! 

of 0*001 gram for each cc. of mother-liquid may be madü «t 

desirablo. 

VI. If the sample under examination is an opium nf _ 
quality tho insoluble residue from L will contain narcotine. ** 
no moipliine. Tho former may be estimated by extracting v-'-' ' 
wator acidulated with sulphuric acid, precipitating with aiii' 
filtoring, washing, redissolving in dilute sulphuric acid, lu. . 
titrating with potassio-mercuric iodide (§ 65). — ^ 

§ 188. Other Methode. — ^Weak spirit was also formerly employ^«' 
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capable of resisting 
ator; it can be isolated by the mothod 
nul.hora overlook the fact fchat several 
i-ifiinco probably isomeric witb celluloBe 

I r^movable by chlorat« of potaab and 
ii'ii with the cellulose. 
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: «vit.ii 4 eq. of water ; it can be isolated 
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jiü cstimated by difference. 
hi'^tioD, the authoTS observe that the 

:1 ^ubatanceB they would ezpect to find 
; lull with iodifFerent Bolvent^ : 
iiiuio-aulphate of copper. 

II tlio same until after it bas been acted 
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i.f ..■olIiUoBe are soluble in H^SO^, 2H3O. 
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.ilitj« only uuder increasod pressure, and 
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2HjO, aud in anunonio-sulphate of 
JJes linder Üie ordiitary pressnra 
j acids into soluble pectön.' 

iiibstance designated as vasculose 

^Rg Mubstonce), agroes in the main with 

] cnnnot, unfortunately, be separated 

Mrimpoeition, and it is therefore impos- 

BjptMf th&t it does not consist of a. mixtnre 

" MdBk. N6vertbeless,Ithinkit probable 

I tiiu cdluloae is acuoiapaiiied by a eingle 

Stackmaiui'' cixhausted Togetable 

L with the inditferent solvents already 

litb dilato sodn aud dilute acid, and then 

m Position of the lignin by making 

L 1138. (Jonni. Chera. Soe. oii. 229). 

UauMtzuns d. Hulica,' Di«. Dorpat, 1878. 
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rotatory femientable sugar, so that thia methoil may be adopted 
for ita estimation. Ammonia dissolves it with difficulty, anJ 
it undergoes but little change when heated with potash in 
sealed tubes (g 115). 

Oelose} the gelatinizing constituent of many algte, agreea with 
lichenin in laost of its propertiea, but is insoluble in ajnmonio- 
Bulphate ot copper, and is less easily converted into sugar. By 
decompoaition with dilute acida, arabinose (lactose) is prodnced in 
place o£ the gluoose yielded by lichenin. The gelose appears to 
be accompanied, at leaat in Sphierococcns lichenoides, by a carbo- 
hydrate^ aoluble in dilute hydrochloric acid, but differing from 
pararabin (g 112) in yielding glucose when boiled with an acid. 

g 246. Wood-gum. — Thomsen* found that when ligneoiw tissue, 
previously exhausted with water, spirit, and very dilute alkall, 
was macerated with caustic soda of ap. gr. l'l, a substance was ex- 
tracted, the composition of which ho asccrtained to be CgHujOg, 
and which he named wood-gum. It can be iaolated from its 
ßolution in soda by acidifying and adding alcohol. When once 
dried, cold water will not reüaaolve it ; thia is, however, effected 
by boiling. It is precipitatod by basic acetate oi lead, ia converted 
into glucose by boiling with a dilute acid, and ia not coloured blue 
by iodine. An alkaJine Solution ia Isevo-rotatory. It differa 
from lichenin in not possesaing the power of gelatinizing, from 
metarabin in not being dissolved (when dry) by Ol per cent 
Solution of soda 

A similar substance was obtained by Pfeil* from parenchymatoua 
tissue (agreeing, however, in composition better with the formula 
CjgHjjOjj, a hydrocelluloae), by Treffner from mossea, and by 
Greenish from alg». 

CELLULOSES, LIGNIN, AND ALLIED SUBSTAXCEa 

§ 247. Celluloses, etc. — Frömy and TerreiP asBume that woody 
tissue is chieflycomposedof tbree difTerent substances, which ihey 
ä cellulose, incmsting subatance, and culicular sub- 



Compare Morin and Porumbaru, CoiupteB rendua, xc. B24, 1081, 188 

boolc Pharm. 120, 121, 1881), 
Greenish, Archiv d. Pharm. [3], -xn. 241. 
Jonm. f. pract. Chem. [2], six. 116, 1879 (Year-hoük Pharm. 99, 1880), 

Jomn. de Pharm, et de Chim. yil 241, 1363. 



§ 347. COMPOSITION OF WOODY TISSÜE. 253 

stance. The first ia said to be the only one capablo ot Tesistäsg 
the action of chlorme-water ; it can be isolated by the method 
detailed in § 116. Tho authors overlook the fact that several 
Units per cent. of a aubstance probably isomeric with cellulose 
{"{ intercellular Bubstance), removable by chlorate of potaah and 
nitrie acid, are lett aasociated with the ceUuIose. 

The cutiailar subslance alone ia said to he insoluhle in a. mixture 
of 1 eq. of aulphuric acid with 4 eq. of water ; it can be isolated 
by treatment with acid of that atrength, followed by washing with 
pure water and dilute alkall 

The iJicrusliftff subslances are eatimated by difference. 

In a more recent pubUcation, the authors obaerve that the 
foUowing are the principal substances they would expect to find 
in tiasue provioiialy exhausted with indifferent solventa : 

Cellulose, solnble in ammonio-sulphate of copper. 

Paracülvlose, insoluble in the eame imtil after it has been aeted 
apoD by acida. 

Metacellidose (fungin) insoluble in ammonio-aulphate of copper. 

All three modiÜcations of cellulose are soluble in H^SO^ 2llji>. 
(CompäTö alsö § 248). 

Vasculose, inaoluble in H^O^, SH^O, and in ammonio-aulphate 
of copper ; soluble in alkaliea only under increased pressure, and 
decomposed by treatment with chlorine-water, followed by wash- 
ing with dilute alkahes. 

Ciäose, insoluble in H^SO^, SH^O, and in ammonio-sulphate of 
copper, but aoluble in alkalJes under the ordinary presaure. 

Peclose, convertible by acida into soluble pectin.' 

I would observe thut the substance designated as vasculose 
(formerly called incruating substance), agrees in the main with 
my lignin (§ 116). Lignin cannot, unfortunately, l>e separated 
from cellulose without decomposition, and it ia therefore impos- 
eihlo to adduce direct proof that it does not consist of a mixture 
of several chemical individuala. Kevertheless, Ithink it probable 
that in eome inatancea the cellulose ia accompanled by a Single 
definite substance, 'Hgnin.' Stackmann^ exhauated vegetable 
substances rieh in ügnin with the indifferent solventa already 
alluded to, as well as with dilute soda and dilute acid, and then 
determined the approximate compoaition o£ the hgnin by maÜng 
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an ultimate analysia of the raaterial that had been thus treated, 
bothbefore and after the action of chlorine-water. Several varieties 
of wood yielded tolerably concordant results. The lignin of 
dicotyledoiis appeared to contain between 53-1 and 596 per cent. 
of carbon, 44 and 6'3 per cent. of hydrogen, 341 and 38'9 per 
cent of oxygen ; the majori ty oE bis results agree veiy well with 
Fr. SchiilzeV {C = 55-5, H = 5-8, = 38-6) ; but Gennan walnut 
and mahogany show a little Variation, probably dne to the larger 
amount of foreign substances they contain. AI! the dicotyledonons 
wooda examined by Schulze and Stackmann muat have contdned 
at least one substance in notable quantity, viz. wood-gum, which 
waa not discovered until after the publication of Stackmann's 
work. Experiments made by Schuppe,^ at my auggeation, showed 
that poplarwood contained 3'25 per cent. of wood-gum, mahogany 
3'37, American walnut 4'5G, German walnut, 6*32, oak 6-03, and 
alder 7"09. Deducting the wood-gum present, the average amount 
of lignin in the majority of woods is about 17 per cent 
(mahogany 20'4), and its mean compoaition, 60-56 per cent. C, 
4-66 per cent H, and 34'80 per cent 0. In this respect it ap- 
proaches catechin, many taimina and phlobapheces, and agrees 
fairly well with the lignin of coniferoua woods which contain no 
wood-gum. Stacinnann found about the aame quantity of lignin 
in the wood of gymnoaperma aa Schuppe did in that of an^o- 
sperms, viz. 16 to 17 per cent 

KorolP found the bgnin of sclerenchymatous tissue (hazel-nnt, 
walnut) to contain from Sl'5 to 54'2 per cent. of carbon, 4'8 to 
5'5 per cent of hydrogen, and 40-1 to 44-7 of oxygen, and esti- 
mated its quantity at 143 to 15 -7 per cent A substance re- 
sembling wood-gum also occurs in the aclerenchymatoua tiSBue of 
nut-shells. Bast-iibrea (lirae and ehn) yielded him 14'5 to 15-8 
per cent of lignin, containing ö3'6 to 54'9 per cent. of carbon, 
4'9 to 6'0 per cent of hydrogen, and 40'1 to 404 per cent of 
oxygen. 

On the other band, from the outer birch-bark (rieh in cuticular 
substance,) chlorine-water extracted 11 per cent of a substance 
of an ontircly diffcrent composition; \\z. C = 72-7, H = 7'8, 
= 194. (Cf. §250.) 



, Kork-, Bast-, Sderen- 
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Tho tissuo of tumip, chicory-root, and elder-pith, which i 
principally parenchymatous, yieldeii hardly anything to chlorina- 
water. Pfoil also came to a aimilar coucluaion with regard to the 
tiasue of apples, ' 

The subatance formßrly tnown as mherin ia in part the cuti- 
cular aubstance just alluded to ; it should, however, be obaerved 
that under this name less recent authors underatood a mixture 
of fat, wax, tannin, etc. ^ Siewert has publiahed a miimte in- 
veatigation of the subatances^hat aocompany suberin, but not of 
the suberin itaelf ; our knowledge of that substanco is but very 
inauflicient, aud I can only state that it ia not disaolved by tha 
nsual aolvßöts, that it is more easily attacked by certain oxidizing 
^enta than lignin, but ia more difEcult to remove ctnnplelely by 
digeation with chlorine-water, Nitric aeid of sp. gr. TS attacka 
it very energetically ; and with an acid of sp. gr. 1 4 the action 
may be so violent as to cause iguition. It reaists chromic acid 
more powerfuUy than lignin. WTiether suberin really yields the 
ceric aud suberic acida that have been obtained by the decom- 
poaition of cork is still a matter of uncertaiuty. 

Siewort estimatea tha amount oE suberin in cork at 90 per 
Cent ; but I think this is too high. I feel convinced that tha 
reeidue he apeaks of aa suberin must have contaiaed a consider- 
able quantity of tme cellulose. (Koroll found 50 per cent, in 
the outennoat parta of birch-bark.) 

In my opinion, the hardening substancB of many woody fungi 
ia poaaibly identical with auberin,^ 

For the mkrocliemkal ckaraciers of cutin, lignin, etc., see also 
VogH and Poulsen.* (See also g 249.) 

The remarkably couatant proportion existing between tha 
amount of cellulose and lignin, etc., present in varieties of wood, 
raises the question whether these two substances do not occur in 
combination with one another. The attempt has frequently been 
made to regard the subatance of the cell-walla of lignified tissua 

' Compare SEevert, ZeitBchr. f. d. ges. Ifaturw., xxx. 129; Joimi. f. pract, 
Chem. civ. HS, 1868. See also Hühncl, SiU.-ber det pbyB. math. K. d. Akad. 
d. W. in Wien, 187? ; Bot. Ztg. 783, 

' Compare m; ' Cliem. Unters, emea an Betula iJbii votk, Filzes.' Dies. 
Peteraburg, IS 64. 

' ZeiCsch. d. Üsterr. Apotheker -Ver. 13Q7, 16, 34, 60. 

° ' Botanük lilikrokcim.' Kjübeiilia>-ii, 18S0. 
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as a special chemical Compound (gluco-lignose, gluco-drupose of 
Erdmann). Erdmann assumes that it is decomposed hy hydro- 
chloric acid with production of glucose, together with lignose or 
drupose, and that with nitric acid it yields cellulose, whilst the 
lignose or drupose undergoes further decomposition. Bente,^ 
who doubts the existence of gluco-drupose, shows that wood-cells 
(1 lignin) yield pyrocatechin when fused with potash. 

§ 248. Cdlvlose. — The cellulose obtained from various plants 
in the manner indicated does not appear to be invariably of the 
composition CgHi^Og. That isolated by Stackmann from coni- 
ferous wood was represented by the formula b{G^yf)^ + HgO, 
and the cellulose that certain sclerenchymatous and bast-tissues 
yielded to Koroll was of similar composition. The latter chemist 
also prepared it from parenchymatous tissues^ and then it generally 
possessed a composition approximately indicated by the formula 
5(CgHi(,05) + 2H2O, whereas the wood of most dicotyledons 
contains, according to Stackmann, a cellulose of the formula 
5(CeHiQ05) + SHgO. In these experiments the substance was 
exhausted with water, alcohol, dilute soda, dilute acid, a mixture 
of one part of sulphuric acid with four of water, and chlorine- 
water, previously to being treated with nitric acid and chlorate 
of potassium. Schuppe has shown that the action of the 
sulphuric acid, the use of which I recommend to be discontinued, 
results in the formation of a hydro-cellulose. H the treatment 
with sulphuric acid was omitted, the cellulose obtained from 
woods corresponded in composition to the formula CgHi^Og. But 
the cellulose isolated from apples by a process that cUd not in- 
clude treatment with sulphuric acid showed a deviation in com- 
position from the formula CgHi^Og. ^ 

The cellulose of fungi (cf. § 249) frequenüy shows a com- 
position corresponding almost exactly to the formula G^yf)^, 

§ 249. Varieties of CelMose. — ^The variations observed in celluloses 
isolated from different plants is partly to be ascribed to the above- 
mentioned difference in composition, and partly probably to varia- 
tions in density. For instance, the cellulose of most phanerogams 

^ Annal. d. Chem. und Pharm, cxxxviii. 1, 1866, and Jahresb. f. Pharm. 
9, 1867. Compare also Bente, Ber. d. d. chem. Geg. xiii. 476, 1875 ; Jonm. 
f. Landwirthsch. 166, 1876. Compare also Bevan and Gross on the chemistiy 
of Bastfibre, Chem. News, xlii. 77, 91, 1880, 

^ Compare the dissertations of Pfeil and Treffner already qnoted. 
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is dissolved by ammonio-sulphate of copper.^ and reprecipitated 
in an amorphous coadition by dilute acids ; but that of many 
fimgi is either insoluble or taken up to a slight extent only, and 
then with great diffieulty, Concentrated sulphuric acid and sympy 
Solution of Chloride of zinc render cellnlose capablo of assumiDg a 
blue colour with iodine -^ but in sotne iostancea the roaction ia 
found to fail,^ and Sohulzo'a reagent for cellnlose, which is not 
without its value as a nxicro-chemical reagent, eannot therefore in 
auch cases be employed for colouring the cell-wall. The tacility, 
too, with which cellulose can be converted into glucose variea. 
Masing observes that fungns-celluloae nndergoes the ohange more 
eaeiiy than flax-fibre. * 

g 250. Crude Fibre.—From what has heen aaid of the isolation 
of celluloao, it followa that the cmdo fibre of the phyaiologiat and 
agricultural ohemiat eannot be exactly identical with that aub- 
atance. To estimat« the crude fibre, the material is generally 
boiled for half an hour, firat with 1 per cent. sulphuric acid, and 
then with 1 per ceoL caustic potash. The residne is eshausted 
with cold water, alcohol, and ether in succeasion, dried and 
weighed. In this crude fibre we may anticipate the presence of a 
little undecomposed wood-gum, hgnin, and snberin, as well as 
part of the bydrocelluloaea mentionetl in ^ 117, 244. 

An apparatus that may be used with advantage in this deter- 
nünation has been deacribed by Holdefleias.' 

' I prepare thia reagent by precipitating hjdrttta of copper from a Bolation 
of the Bulphate by ditute caustic soda, rapidl; filtcring off, preasing sad 
disaolving in tbe ceqiÜBite qaantiC; of 20 per ceut. Bolution of ammonia. 

' The reagent known aa Schulie'a can ba prepared by diasolving 25 parta 
of dcy cUaride of züic and B of iodide of potaasiuni in 8^ of water, and adding 
as much iodine oa the Solution will take up when warmed for a ahort time 
with it. 

' On cellolose of fnngi, aee Maaing, Phann, Zeitaciir. f. EuBuland, ix. 385, 
1870. Richter (Chem. CentralblaH, 183, 1881) baa recently denied the 
exiitence of a special fungus-ceUulose as the proloDged action of caustic 
alkalies converta it into ordinaiy cellulose. But ia it not probable that such 
treatmeat actually produoea a chemicat chafi^ ? 

* On celluloss see Fayen, AnnoL d. Scicnoea naturelles, xl. Sl, ziv. 8S ; 
Fromberg, Ann»! , d. Chem. und Fbann. lii. iI3 ; Heldt and KocUoler, 
Ibid. xlviii. 8; Schloaaberger and Döpping, ibid. lii. 106; Schlossberger, ibid. 
crii. 2i, 18SS ; P^ligot, Comptea rendus, liiiE. 209, 1861 ; Knop aud Sobneder- 
mann, Jaum. f. prakt. Chem. xixii. 3S3, iL 36S ; Eennebci^, AimaL d. 
Chem. und Pharm, cilvi. 130, 186B ; König, Zeitsohr. f. anal. Chem. lüi. 242, 
1879. 

'Campare Holdefleiaa, Zeitachr. f. Anal. Chem, xvi, 493, 1377, and 
Landwirthsch. Jahrb. Supp. vi, 101, 

17 



PKRCENTAGE COMPOSITION OF IHE CONSTTTUENTS 

OF PLAUTS MENTIONED IN THE FOEEGOING 

WOEK. 



Name. 


FOBITOLA. 


C. 


H. 


0. 


N. 


8. 


ÄbietiGflcid . 


C«H8,0, 


78-S7 


9-52 


11-91 






Abamthün . 




70'38 


8-50 


21-12 






Acetic acid . 


°<^Sk 


40-00 


6-66 


63-33 






Achilleine . 


4384 


6-B6 


43-34 


5-12 




Aeonitina 


61-39 


6-67 


29-77 


217 




AcanitJc acid . 




4] 'SS 


3-45 


65-17 






Adansonin . 




48-30 


6-95 


45-75 






Aeeoulin 


C„R„0,3 


62-07 


4-B6 


42-87 






Albumin 


! 


62-45- 

53 -sr 


6-ei- 

7-77 


22-21- 
23-50 


15-85- 
15-92 


0-8 


Aüiorin 


m 


75-00 


3-57 


21-44 








69-72 


5-42 


24-86 






Amimitiiie 


57-fi9 


13-46 


15-38 


13-4Ö 




Amjgdalin 


OjJhj'no,, 


52 '51 


5-91 


38-52 


8 -08 






o«B«S°!) 


83-49 


11-79 


4-73 






AnaoardLo nciJ 


75-04 


9-07 


15-89 








C,.B„0, (!) 


82-50 


4-17 


33-33 






Anethol 




81-08 


a-11 


10-81 






Ajigelio acid . 


c°Ö, 


60-00 


8-00 


32-00 






Antiarin 


02-68 


7-46 


29-85 






Apiin . . . 




52-9 


6-2 


41-9 






Arabicacid . 


C^H„0„ 


42-10 


6-43 


51-47 






Arachieacid . 




76-92 


:2-62 


10-26 






Arbutin 


c^^i 


63-7 


6-1 


40-2 








78-43 






16-89 






%ii'. 


70-06 


6-59 


16-25 


7-11 






74-64 


10-56 


14-90 






Asparagin 


36-36 


fl-oa 


36-37 


21-21 




isfsr- ; 




74-57 


8-48 


9-04 


7-91 






66-98 




26-0* 








cTKo," 


70-87 


7-87 


15-7E 


5-51 




Atropina 


70-53 


7 -SS 


16-60 


4-84 




Barbaluln . 


c''h,o,(') 


60-71 


E-95 


33-34 






BBBBOrin . . 


42-10 


6-43 


61-47 






Eebarino 


"ör 


73-31 


e-75 


15-44 


1-60 




Benialdehyde 


7B-24 


5-66 


15-11 






Benzoic acid . 


C,M,0, 


68-85 


*-&2 


26-23 






Betizohelicin . 


c»°o-. 


61-86 


E-15 


32-99 








71-04 


6-08 


19-10 


<-18 




Betalue . 


CsH„NO, 


44-44 


9-63 


35-65 


10-37 




Betaoroin 


CaHi,0, 


69-56 


7-24 


23-20 






Betuliu . 


c>;:„o. 


H2-57 


11-36 


e^Ofl 






Biiino . . . 




74-86 


7 -55 


17-78 






Boheio acid . 




44-21 


5-26 


50-53 






Borneoi 




77-92 


11 ■69 


10-39 






Brosillin 




67-11 


5-43 


27-46 






Erucina 


^ÄSI!* 


70-00 


6-64 


16-26 


7-10 




Brjonin . . 


60-00 


8-33 


31 -66 






Bryuidin . . 


(JaH^Oj 


73-62 


11-68 


14-72 
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Nakb. 


FOBUULA, 


c. 


H. 


0. 


N. 


S. 


Butyl alcohol . 


C,H,„0 


64-80 


13-51 


21-62 






Butvric ncid , 


G,H,0, 


54 'SS 


9-09 


38-36 






Caffeina . . . 


%yy: 


49-48 


6-I6 


16-5i 


28-86 




Caefeo-tannic acid . 


56-75 


5-41 


37-84 






Cftilcedrin . . . 


' 


84 '8 


7-6 


27-5 






Caindn 


? 


58-24 




34-38 






Callutannio acid . 


CyHuOsC) 


51-53 


4-30 


44-17 








78-94 


10-53 


10-53 










42-XO 


6-43 


51-47 










88-24 


11-76 








Capotom 


C„H,A (?) 


59-26 


8-17 


34-57 






CaprioBcid . . . 


i3,.H,Ö, 


69-76 


11-62 


18-81 






Caprio aldehyde . 


C,„HjoO 


rs-92 


12-82 


10-28 






Caproioacid . 


C«H,,Ü, 


62-07 


10-35 


27-58 






Capryl alcohol 


O.H„0 


73-84 


13-84 


12-32 






Caprylic »cid . 


0.H,.0, 


66-87 


11-11 


22-22 






Canealcui 


c,H„o; 


70-00 


B-29 


20-71 






Cardol .... 


C^H^jO, (?) 


80-25 


8-55 


10-20 






Carotin 




84-37 


8-37 


6-28 








Ö,„H„0 


68-75 


5-40 


37-85 






Carvol .... 


80-00 


9-33 


10-77 






Caryophyllin . 


OHO 


78-94 


10-53 


10-53 






Cttteeliin 


C„H,.0, 


60-96 


4 -81 


34-23 








■sSft 


62-4« 




32-88 








39-fi6 




52-75 






Cadwrlic (Kid 




57-57 


6-13 


34-96 


1-eo 


0-as 


CeUuloaa 


C,H,„0, 


44-41 


B-I7 


49-39 






Cericuid 




64-23 


8-77 


27-00 






CsiotiDiLdd , 


C„H„03 


7B-02 


13-17 


7-81 






Cerotjl alcolic^l 


Ch^o 


81-81 


14-14 


4-05 






Cetrario aoid . . 


Ci>H„08 


60-00 


4-44 


35-56 






Cetyl aloohol . 


(i'.tCo 


78-68 


13-95 


7-37 






Cbelidonine . 


CaH,„NÖ^H,0 


68-06 


6-08 


14-32 


12-64 




Chelidonio acid . 


■46-65 


2-17 


52-24 








65-97 


5-75 


20-95 










78-4 


9-7 


9-57 


6-62 






c,S,Jo, 


84-11 


12-15 


3-74 






Cholm .... 


49-59 


12-39 


26-44 


11-57 




Chrysarobln . . 


4h,o, 


72-31 


B-22 


22-47 






ChryBorhamnin 


0»H„0„ 


ßS-23 


4-6* 


37-13 








C,.H„0. 


70-87 


3-94 


25-19 






Chry«pioria . . . 


C,.H„0,(?) 


70-81 


4-35 


24-84 








77-55 


7-48 


5-44 


9-53 




CInchuna-red . 


S3-33 


6-19 


41-43 






Cinobona-tanDic acld . 


0^HgO„C) 


44-84 


6 33 


49-83 






Cinohona-nova red . 


61-01 


5-15 


33-64 






Cinchona-novtttannLcacid 


oÄo,' 


52-01 


6-83 


42 11 






CiDnameln . 


o"h"c>, 


80-67 


6-88 


13-46 






Cinnamio aoid 


i'$°o' 


72-07 


6-41 


21-62 






Cinaamio aldehyde 




81-81 


5-06 


12-13 






Citrio acid . 


C„H„Ö„ (?) 


37-50 


4-17 


68-33 






Cnicin . 




83-00 


7-00 


30-00 






CiicalDe 




(S.H^,HO, 


66-44 


6-57 


22'15 


4-S4 




Cudelne 




C,8H„N0, 


72-24 


7-02 


18-0« 






CDlohlcelne 




0,'h.no' 


63-44 


6-68 


26-20 


4-38 




Oolohioino 




°S!" 


00-53 


a-82 


28-50 


4-16 1 ■ 


Coliicyiithin 




59-78 


7-47 


32-75 


■ 


Columbin 




65 '23 


5-69 


29-03 


1 1 






n— 1. ■ 



260 PEBCENTA9E COMPOSniON OF CONSTITÜENTS. 



Nabe. 


FOBMÜLA. 


o, i 


t. 


0. 


N. 


S. 


Conessjne (Wrightine) . 


) 


78-3 11 


2 




? 




GoDglutin 


i 


ba-Zi 6 


81 


24 


13 


18-37 


0.4& 


C,H,,NO 


07-12 11 


89 


11 


19 


9-79 




GoDiferin 


CcH^Os 


66'li 6 


43 


37 


43 






Coniine . 


c°h;^n' 


76'81 12 


00 






11-20 






C^H^Ou 


53 Öl 8 


59 


37 


50 






ConvttUarin . . 


C,,H„0„ 


83-16 9 


00 


27 


24 






Oonvolvulin . 


C„H„0„ 


64-87 7 


37 


37 


-6 






Coriamjrtiii . 


C^H^O, 


63-86 






-fl 






Cütqln . 


ChH„0„ 


69-84 i 




25 


J9 






Crooin . 




62-33 6 


49 




7 






Crotfinio seid . 




56-61 6 


99 




20 






Cubebia 


C,oH,„0, 


87-42 5 


82 


26 








Cumarin 


^hV 


73-97 4 


11 


21 


92 






Curacoo-aloin 


Ci.H„0, 


58-22 5 


50 


36 


28 








X4r 


81-51 13 


21 






5-28 






67-41 6 


02 


26 


98 






Cmwonine 


70-05 


59 


16 


25 


7-11 






65-29 7 


83 


36 


87 








44-44 4 


76 


51 


so 






Daphnin 


73-85 8 
52-3S 4 


31 

78 


42 


|2 


12-92 




DaliBoin 


Mi- 


54-08 4 
64-55 8 


72 

00 


41 
23 


20 

J 


3-42 




Dolphinoidine 


'«of 


70-9 9 


6 


15 




3-9 




Dextrin . . . 


44-44 6 




49 


■iB 






Digitalin 


C.H.O, (•) 


69-95 8 


05 




00 






Digitonin . 


CsiHj,0„ 


53-21 7 




39 








Digitoxin . 


'i'h 


03-00 8 


50 










Dibtlne . 




68-39 7 


77 


16 


jS 


7-25 






67-64 7 


43 


34 


94 








39-58 7 


69 


52 


75 








cKo", 


68-90 8 


04 


23 


00 






SUago-Unnic aold . 


0,.H,.0,. 


49-69 3 


18 


47 


25 






EUigioKid . . 


0,.H.O, 


65-63 1 


99 


42 








Etoüdin . 


0„H„0, 


66-67 3 


70 


30 


83 






EmulBin . . 


T 


48-78 7 


73 




67 


18-82 




Erioolin . . 


"Ä" 


61-00 7 


00 


42 


00 






Errthrite 


39-34 S 


20 


52 


46 






mhflalouhol. 


CstRhOs 


88-07 5 


04 


28 








Wo 


62-17 13 


04 


34 


79 






Eugenin 


c„H,A 


73-17 7 


32 


19 


51 






Eujjenol 


<:,.H„0, 


73-17 7 


32 


19 


61 






Euphocbon . 


C„H,.0 


81-82 11 


04 




14 






Evornio Boid . 


SÄ' 


61-44 4 


82 


33 


74 






Eveminio add 


5934 5 


49 


35 


7 






FeniliQRcid . 


C„H,„0. 


61-23 6 


13 


32 


65 






FUioin . 


cWX 


64-20 e 


17 


29 








FranguUo acid . 




67-0 4 


2 




2 






FrwlD 


h'o° 


61-02 4 


69 


44 








rnut-BU|t»r . 
Fumario aoid . 


c"h"o" 


40-00 6 


06 


63 








c\aK 


41-88 3 


45 


56 


7 






Oalactom 


C,H.,0, 


40-00 e 


06 


63 


33 










48-84 4 


65 


46 


51 






Qallio Bcid , 


49-49 3 


85 


40 











finS, 


60-86 4 


76 


34 









Gelnmioe 


"öjK" 


67-00 


04 


16 


30 


7 10 




Oentkln 


65-11 3 


87 


31- 


2 
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Name. 


FORMULA. 


0. 


H. 


0, 


N. 


S. 


Gliadin . . . . 


7 

• 


62-60 


7-00 


21-49 


18-06 


0-86 


Globularin 


^30^44^14 


57-32 


7-01 


35-67 






Glutencaseln . 


? 


61-0 


6-7 


25-4 


16-1 


0-8 


Glycerin 


C3H8O3 


39-13 


8-70 


52-17 






Glycolic acid . 


C2H4O3 


31-58 


5-26 


63-16 






Glycyrrhizic acid . 


^AA^-fi^^lB 


69-12 


7-05 


32-66 


1-17 




Grape-Biigar . 


CgHijOg 


40-00 


6-66 


53-34 






Gratiolin 


^20^34^7 


62-17 


8-81 


29-02 






Grönhartin . 


C5j,tt„0,(?) 

^36^36^15 


74-6 


6-3 


21-1 






Gyrophoric acid 


60-81 


4-90 


34-29 






Hsematoxylin 


^löH^Og 


63-57 


4-63 


31-79 






Harmaline 


C13H14N2O 


72-90 


6-54 


7-48 


13-08 




Harmine 


CiaHiaNgO 


73-58 


5-67 


7-54 


13-21 




Hederic acid , 


^18^26^4 


66-66 


9-63 


23-71 






Helenin . . . , 


O21H28O3 


76-83 


8-53 


14-64 






Helleborein . 


^28^44^18 


52-35 


7-38 


40-27 






Helleborin 


C3gH420g 


75-78 


7-37 


16-85 






Heptyl-alcohol 


C,H.,0 


72-41 


13-79 


13-79 






Hesperidin 


(J^HgO 


54-77 


5-39 


39-84 






Hydrocarotin . 


82-44 


11-41 


6-15 






Hydrocyanic acid . 


44-44 


3-70 


51-85 






Hydroquinone 


CgH^O, 


65-45 


6-16 


29-09 






Hyoscine 


C^HaNO, 


70-58 


7-95 


16-16 


4-84 




Hyoscyamine . 


Ci7H^N03 

C^H^Nff 
CgHjjOg 


70-58 


7-95 


16-16 


4-84 




Indican . . . . 


49-60 


4-92 


43-26 


2-22 




Indigo-blue . 


73-28 


3-82 


12-22 


10-68 




Inosite . . . . 


40-00 


6-66 


53-34 






Inulin . . . . 


^ö^ioÖb 


44-44 


6-17 


49-39 






Ipecacuanha tannic acid . 


C,4H„0,(?) 

^6^14^6 


56-37 


6-04 


37-59 






Isodulcite 


39-56 


7-69 


62-76 






Jalapin . . . . 


^%i^ifi\ß 


56-66 


7-77 


35-57 






Jervine . , . . 


C27H47N3O8 


61-03 


8-56 


25-27 


5-14 




Kämpferid 


? 


64-48 


4-40 


31-20 






Kinic acid 


C7H12O8 


43-75 


6-30 


50-19 






Kosiri . . . . 


CaiHogOio 

C3H703 


65-26 


6-66 


28-07 






Lactic acid . 


40-00 


Q'^Q 


53-34 






Lactucerin 


Q30H48O2 


81-81 


11-04 


7-14 






Laserpitin 


^24^07 


66-05 


8-26 


25-69 






Laurocerasin . 


^4oHö3N023 


52-47 


5-79 


40-23 


1-63 




Laurostearic acid . 


^12^24^2 


72-09 


12-04 


15-87 






Lecanoric acid 


C16H14O7 


60-37 


4-40 


35-23 






Legiimin 


• 


61-47 


7-02 


24-29 


16-82 


0*40 


Levulin . . . . 


^6^10^8 


44-44 


6-17 


49-39 






Leucine . . . . 


CgHpNOa 
O9H10O5 


54-96 


9-92 


24-43 


10-69 




Lichenin 


44-44 


6-17 


49-39 






Liehen -starch 


CjHjqO,, 


44-44 


617 


49-39 






Lignin (cf. p. 256) . 














Limonin 


^aeHaoOg 


66-38 


6-48 


-27-23 






Linin . . . . 


? 


62-92 


4-72 


32-36 






Lnpinin (glucoside) 


^12^8^8 


54-63 


5-47 


39-90 






Luteolin 


62-07 


3-45 


34-48 






Maclurin 


CjßHijOg 


56-25 


3-75 


40 00 






Maleic acid . 


C4H404 


41-38 


3-45 


55-17 






Malic acid 


^fifi^ 


35-82 


4-48 


59-70 






Maltose 


C12H22011 


42-10 


6-43 


51-47 






Mannite 


C7H40, 

C10H10O4 


39-56 


7-69 


52-75 






Meconic acid . 


42-0 


2-0 


66-0 






Meconin • 


61-85 


615 


33-00 
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Nah 


B. 




FOBMDIA. 


c. 


H. 


o. 


N. 


S. 


Melinlliiii . 


C„H„0, 


S-2-i 


S-0 


28 -a 












4210 


6-43 


51-47 






Me]i«yl aJoAoi 






aa-is 


14-15 


3-66 






MeUtoM 






1-2-10 


6-43 


51-47 






Menthol 




°ÄI& 


72-00 
76-93 


8-00 
12-82 


10-65 

10-25 


»-36 




MenjrBiithin , 






55-46 


7-56 


36-93 






MeUnbic acid 




C^HaOu 


42-10 


6-43 


51-47 






Methyl alcohol 




cSto" 


87-50 


12-50 


50-00 






Methylamine 




CH^ 


38-71 


16-13 




4517 




Methvlconiiiie 






7;-69 


12-23 




10-07 




Methjrtidn . 




?" 


65 -85 


5-64 


28-51 






Milk-sngu . 




C,AaOu 


4-2 10 


6-43 


61-47 






Mon^mic mi 


d 




¥^; 


6S-0 


4-6 


29-3 






Monihine 






71-58 


6-67 


16-84 


4-61 




Morin . 






59-61 


3-31 


37-08 












31— H 


88-22 


6-66 


27-65 


3-45 




Mucedin 








54-n 


6-90 


21-48 


16-63 


0-SS 


Mu»arine 






C.H,>05 


50-42 


10-92 


26-89 


11-77 




Myco». 








42-10 


6-43 


61-47 






Myriatic »cid 








73-68 


12-28 


14-04 






MyroBic seid 






C,^,^S,0.. 


31-83 


5-04 


42-42 


3-72 


16-99 


NarCflinH 






C^H^-0, 


59-63 


6-28 


31 -oa 


3-02 












63-P2 


5-57 


27-12 


3-39 




Naringin 








55-6 


6-6 


38-8 






Natalüin 






Cio^i^n" 


50-44 




34-68 






Nepaline 






63'0» 


7-47 


27-32 


2-12 




Nicotine 






74'OS 


8-64 




17-28 




Nucite . 






CjHi^Oj 


40 '00 


6-66 


53-33 






Oak-bark tan 




d 


C«H O, 


53-85 


5-13 


41-02 






Oananthic aci 


1 




cIhIa 


64 '12 


11-44 


24-44 






Oleic acid 






cÄ£ 


76-58 


12-06 


11-35 






Ononin 






59-80 


6-64 


34-56 






Orcb . 








67-76 


6-45 


25-81 






Orsellio acid 






Cnä.jOjV) 


57-15 


4-76 


38-09 






OrtruthiiD 






77-07 


7-95 


14-98 






Oxftlio noid 








26-66 


2-22 


71-11 












60-57 


7-26 


27-76 


4-42 








CuHj„0„'H,0 


71-38 


5-89 


24-73 






Falmitic aoid 




l?S- 


75-00 


12-50 


12-50 






Papaverine . 




70-79 


8-20 




4-13 




Pamrabln 






42-10 


6-43 


51-47 






PareUic acid 








80-67 


3-37 


35-96 






Paroootoln 






Ci.H,.0, 


67 -85 


3 -57 


28-58 






Paricine 






C„H„S,0 


75-59 


7-09 


6-29 


11-02 




Paridin , 








57-83 


8-43 


33-74 






Parillin ; 






OuH^Oj 


30-4 


9-0 


80-6 






Pajtine . 






n,H,f.,"o 


79-74 


6-33 


5-06 


8-86 




Peucedanin 






Ö,.H„0. 


70-58 


5-88 


23-54 






Philvrin 






oiHÄ, 


60-67 


6-37 


32-98 






Phlomin 






c'h,,o 


66-15 


5-81 


38-04 






Pliloroglucin 






c,h"o. 


57-13 


4-76 


38-11 






PhyBalin 






«& 


63-64 


6-06 


30-30 






PhyfioatigminB 




65-49 


7-64 


11-60 


15-27 




PhytOBterin , 




C„H„0 


83-37 


11-83 


4-30 






Pioropodophyllia 




! 


07-n 




26-41 






PicroroocelliiiB 




"SÄ- 


68-08 




17-05 


8-56 




Piorotoiin 






60 -ÖO 


5 -es 


33-62. 







PERCENTAGE COMWSITION OF CONSTITÜENTS. 


363 


Nabe. 


FOHUCLA. 


0. 


H. 


0. 


N. 


3. 


Pilocarpine . 


%»?• 


64-18 


7-91 


14-89 


13-02 




. Pimaric acid . 


7fl'47 




10-59 






Pinipiorin . . . 


Ca,H«0„ 


55-46 


7-56 


36-98 






Piniie .... 


c.hX 


43-9 


7-2 


48-9 






Piperine 




71-58 


6-67 


16-84 


4-91 






'S' 'T' 


72-58 


8 -OS 


19-36 






Populin. 


"S^"o," 


fi6'34 


6-10 


37-56 






Propionic ocid 


48-65 


8-11 


43-24 






Fropyl nloohol , 




60-00 


13-33 


26-66 










54-E4 


3-90 


41-56 






Purporia 


i$& 


65-62 


3-13 


31-25 






PjrocaUchin . . 


65-45 


6-16 


29-09 






Pjrogallie ocid 


C.HA 


B7 13 


4-76 


38-11 






Quasain . 


0,.H„0. 


66 67 




27-66 






Qnercetin 


C,,H,A 


59-21 


3-95 


36-84 






Qiiercite 


o;h,"o. 


43-9 


7-2 


4l'-9 








C,bH„0, 


66-90 


4-35 


E-76 








o,ÄnA 


73-08 




10-26 


8-98 




Quinine and Quinidfiie 




75-02 


6-66 


10-43 


s-e4 






32-0 


4-0 


64-0 








e-2-17 


4-81 


33 02 






Bbstania tannic seid 


oZKß. 


69-40 


4-96 


35-65 






EeBonsio 


"ä|:&' 


65-45 


5-16 


29-09 








67-20 


7-20 


25-40 








65-79 


5-48 


25-08 


3-65 




Bioinaleic seid . 




72-48 


11-41 


le-n 






Boooellic acid 




68-00 


10-66 


21-34 






Sottlerln 


C™H«0, 


7100 


10-05 


18-95 










64-64 


6-04 


40-32 






Bubion . 


55-08 


5-67 


39-35 






Eabiohloric acid . 


51-22 


4-88 


43-90 






Sabadilline . . 


61-29 


8-85 


26-40 


3-46 




Sabatrine 


61-69 


8-78 


26-76 


2-77 




Sftlioin . 


64-64 


6-29 


39-17 






Salicjlic aoid . 




60-87 


4-42 


34-78 






Salicyloun acid 


oS^i. 


68-85 


4-92 


26-23 








70-59 


5-26 




4-33 




Bantalio 


C|,H,.0. (!) 


65-69 


5-11 


29-20 






Santonia 


CiiHiaOj 


73-17 


r-32 


19-51 






Saponin 


c„H,ä,m 


55-4 


7-6 


36-9 






Scleromuoin . 




29-67 


a-44 


I 


6-41 


(26-8 


Boleroxanthin 


C,oH,.0^ 


61-8 


61 


32-0 






ScleccFtic acid . 




40-0 


6-2 


60-6 


4-2 




Boopsrin 


cSKÄ 


58-06 


5-06 


36-87 






Sinolbin 


47-87 


B-85 


34-03 


3-72 


8-51 


Sulphocyanide at Binapio 


°''^o°' 


65-43 


6-53 


21-74 


7-81 


3-69 


Siniatrin . . 


44-44 


6-17 


49-39 






Socolom 


"W" 


59-63 


6-59 


34-78 






Solonine 


60-66 


8-78 


28-88 


1-68 




Sorbin . 




40 00 


6-86 


53-34 






Sparteine 


Oggö. 


78-06 


10-57 




11-38 






67-6 


8-4 


26-5 


3-fl 




Starch . . . 


44-44 


617 


49-39 






Btearioacid . 




76-06 


12-68 


11-26 








^#' 


77-24 


6-54 


7-30 


8-92 




StyroQin 


81-82 


6-06 


12-12 






Styrol . 


92-31 


7-69 












^^ 
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Name. 


FoHMtTLA. 


C. 


H. 


0. 


N. 


S. 


Succiiüa aoid . 


C.H5O, 


40-68 


5-09 


54-23 






Syrindn 


CibH^Ü, 


54-81 




33 


JÖ 










60-46 


5-42 


34 


12 






Taunin . 




52-42 


3-56 




02 






Tartaric acid . 


"^ÄJi^^" 


32-0 




e4-o 






Terpene . 














88-23 


11-77 








ThebainG 


CiÄiNO, 


73-31 


6-75 


15 


44 


4-50 






SX 


46-67 


4-44 


17 




3111 




Thevetin 


S8-06 


7-53 


34 


41 






Thujiu . . . 




62-86 


4-84 


42 


30 






Thylunl . 




80-00 


9-33 


10 








Trune th jlaJnino 




61 -Ü2 


15-25 






23-73 




Tritioin . 




4210 


6-43 


61 


47 






Tiupethin . . 


0«H„0,. 


56-68 


r-77 


35 


57 






TVroain . 


C„H„NOj 


59-66 


6-07 




54 


7-73 




C,H,0. 




3-71 


29 


83 






tJndo wnd . 


OibH..O, 


SB-3fl 


4-94 


35 


39 






Valeriamaaaid . 


0.H,.0, 


58-82 


9 -SO 


31 


37 






Vanillin 


0,H,0, 


68-13 




31 


58 






VeratrinB . 


■äfÄ? 


64-42 


8-70 


23 


97 


2-91 




Teiatroidine , 


63-S 


8-2 


24 


9 


3-1 




ViteEiti (BrazU nut) 




52-28 


7-24 


21 


OS 


18-09 


1-32 


"Vulpioacid . 


C„H,.0, 


70-81 


4-35 


24 


84 






SanthorluLiimin . 


0«H„Oa» 


61-08 


5-83 


43 


09 
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COMPOSITION OF THE MOEE IMPORTANT CONSTITU- 
ENTS OF PLANTS, AERANGED ACCORDING TO . 
PERCENTAGE OF CARBON. 



c. 


H. 


0. 


N. 


S. 


Name. 


26-66 


2-22 


71-11 


• • • 


• • • 


Oxalic acid. 


31-68 


5-26 


6316 


• • • 


• • • 


Glycolic acid. 


31-81 


5 04 


42-42 


3-72 


16-99 


Myronic acid. 


32-00 


4-00 


64 00 


• • • 


• • • 


Tartaric and racemic acid. 


35-82 


4-48 


59-70 


• ■ • 


• • • 


Malic acid. 


36-36 


606 


36-37 


21-21 


• • • 


Asparagine. 


37-60 


4-17 


58-33 


• • • 


• • • 


Citric acid. 


37-50 


12-50 


5000 


• • • 


• • • 


Methylic alcohol. 


38-71 


1613 


• • • 


45-17 


• • • 


Methylamine. 


3913 


8-70 


52-17 


• • • 


• • • 


Glycerin. 


39-34 


8-20 


52-46 


• • • 


• • • 


Erythrite. 


39-56 


7-69 


52-75 


• • « 


• • • 


Diücite, isodulcite, mannite, 

etc. 
Acetic and lactic acid, glu- 


40-00 


6-66 


53-33 


• • • 


• • • 












cose, etc. 


40-00 


5-2 


50-6 


4-2 


• • • 


Sclerotic acid. 


40-68 


509 


54-23 


• • • 


• • • 


Succinic acid. 


41-38 


3-45 


55-17 


• • • 


• • • 


Aconitic acid. 


41-38 


3-45 


55-17 


• • • 


• • • 


Ftimaric and malelc acid. 


42-0 


20 


560 


• • • 


• • • 


Meconic acid. 


42-10 


6-43 


51-47 


• • • 


• • • 


Arabic and metarabic acid, 
pararabin, triticin, Saccha- 
rose, etc. 


43-75 


6-30 


5019 


• • • 


• • • 


Kinic acid. 


43-9 


7-2 


48-9 


■ • • 


• • • 


Pinite and quercite. 


44-21 


5-26 


50-53 


• • • 


» • • 


Boheic acid, 


44-44 


9-63 


35-55 


10-37 


• • • 


Betaine. 


44-44 


3-70 


• • • 


51-85 


• • • 


Hydrocyanic acid. 


44-44 


4-76 


51-80 


• • • 


• • • 


Cyclopin. 


44-44 


6-17 


49-39 


• • • 


• • • 


Cellulose, dextrin, inulin, 
levulin, sinistrin, starch. 


44-84 


6-33 


49-83 


• • • 


• • • 


Cinchona-tannic add. 


45-65 


217 


52-24 


• ■ • 


• • • 


Chelidonic acid. 


46-67 


4-44 


17-78 


31-11 


• • • 


Theobromine. 


47-87 


5-85 


3405 


3-72 


8-51 


Sinalbine. 


48-65 


8-11 


43-24 


• • • 


• • • 


Propionic acid. 


49-48 


515 


16-51 


28-86 


• • • 


Gaffeine. 


49-59 


12-39 


26-44 


11-57 


• • • 


Gholine. 


49-60 


4-92 


43-26 


2-22 


• • • 


Indican. 


60-24 


6-81 


24 13 


18-37 


0-46 


Gonglutin. 


60-42 


10-92 


26-89 


11-77 


• • • 


Muscarine. 


610 


6-7 


25-4 


16-1 


0-8 


Glutencasein. 


61-00 


7 00 


4200 


• • • 


• • • 


Ericolin. 


61-02 


4-89 


44-87 


• • • 


• • • 


Fraxin. 


61-22 


4-88 


43-90 


• • • 


• • • 


Rubichloric acid. 


61-47 


702 


24-29 


16-82 


0-40 


Legumin. 


6201 


5-88 


42-11 


• • • 


• • • 


Cinchona-tannic acid. 


62-07 


7-24 


21-06 


18-09 


1-32 


ViteUin. 
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c. 


K 


0. 


N. 


S. 


Namb. 


52'39 


4-7S 


42-83 






Daphtiin. 


ß2-42 


3-58 


4402 






Gftllotftimie axXi. 


B2'45 


6-81 


22-21 


15-65 


Ö-8 


Albiunin. 


62'4r 


57» 


40-23 


1-53 




Laurooeraam. 


62'5I 


6-91 


38-52 


S-08 




Amygdftlin. 


62-53 


7-38 


40-27 








62'60 


7-00 


21-49 


18-06 


6-85 


Oliadin. 


62'8fl 


4-84 


42-30 






Thujin. 


62'9 


6-2 


41-9 






ApÜD. 


E3-21 


7-60 


39-19 






Digitonin. 




5-19 


41-48 






Cinohonn-rad. 


637 


B-1 


40-2 






Arbutin. 


63'ee 


5-13 


41-02 






Oak-bnrk tannic acid. 


6391 


8-59 


37-50 








64 08 


4-72 


41-20 






DatUdn. 


64-11 


6-90 


21-48 


16-63 


6-88 


Mucedin. 


54-54 


3-90 


41-56 








54-55 


9-00 


36-36 






Butyric oiäd. 


64-54 


6-29 


39-17 






SaUcin. 


E4-B3 


5-47 


39-90 








54-84 


6-04 


40-32 






Rnberjthric aoid. 


54-77 


5-39 


39-84 






Hesperidin. 


64-81 


6-73 


38-46 






Syriiigin. 


64-87 


7-37 


37-50 






Convolviilin. 


54 -9« 


9-B2 


24-43 


1Ö-69 




Leucina. 


55-08 


6-57 


39-35 






Kubmn. 


55-29 


7-83 


36-87 






Cyclftmin. 


55-4 


7-6 


36-9 






Saponin. _ _ 


56-43 


6-53 


2174 


7-61 


8-flfl 


Sulphocvanate of einapine. 


65-46 


7-56 


38-98 








65-46 


7-5Ü 


36-B8 






Pinipicrin. 


65-6 


5-6 


38-8 






Naringin. 


55-81 


6B9 


37 -SO 






Crotonic ftcid. 


65-63 


199 


42-38 






Ellagio aoid. 


65-90 


4-35 


39-75 






Quercitrin. 


66-14 


6-43 


37-43 






Coniferia, 


56-ln 


6-81 


38-OS 






Phlorizm. 


56-25 


375 


40-00 






Maolurin. 


66-34 


610 


37-56 






Populin. 


66-37 


6-04 


37-6B 






Ipecucuanha-tannic BCid. 


5fl-8e 


7-77 


35-57 






Jalapin and turpathin. 


56-75 


6-41 


37-84 








6675 


5-40 


37-85 






Caithnrain. 


57-13 


4-76 










67-15 


4-76 


38-09 






OneUicacid. 


57-32 


7-01 


35-67 






Globnlarin. 


57-57 


5-12 


34-96 


i-50 


6-8B 


Cathartic aoid. 


67-64 




34-94 








57-69 


13-48 


15-38 


13-46 




Amanitine. 


58-00 


5-08 


36-87 








58-06 


7-63 


34-41 






Thevetin. 


58-22 


6-nO 


36-28 






Curo^o-aloin. 


68-23 


4-64 


37-13 






ChrjBorbamnin. 


58-24 




34-38 






CalnciD. 


58-82 


9-80 


31-37 






Valerianic acid. 


59-21 


3-91 


36-84 






Quarcetin, 


59-26 


8-17 


34-57 






Osfaloin. 
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0. 


H. 


O. 


N. 


S. 


Name. 


G9-3J 


6-4fl 


35-17 








Evernmic Hcld. 


69-4* 


5-B8 


34-68 








Nataloin. 


5B-40 


4-95 


35-66 








Rhatania-tannic add. 


EBS9 


4-94 


35-36 








Ubiüg ndd. 


69-63 


5-59 


34-78 








Socalnin. 


69-63 


6-28 


31-09 


3-Ö2 








6B-6Ö 


6-07 


26-54 


7-73 






Tvroaine. 


69-78 


7-47 


32-75 










69-80 


5-64 


34-66 








Ononin. 


69-02 


7-05 


32-66 


i-i? 






Glyejn-hiäc add. 


69-05 


8-05 


32-00 








BigitaUn. 


60-00 


8-00 


32-flO 








Angelic acid. 


60-00 


8-33 


31-67 








Bryonh,. 


«0-00 


4-44 


36-56 








Cetnu-ic acid. 


60-00 


13-33 


26-87 








Propylio aloohol. 


60-37 


4-40 


35-23 








LecaDoric acid. 


60-40 


9-0 


30-6 








PariUin. 


60-46 


5-42 


34-12 










60-50 




33-62 








Picrotoidii. 


60-53 


6-82 


28-50 


4-i5 






ColchiGine. 


60-57 


7-29 


27-78 


4-42 








60-66 


8-78 




1-68 






Sokniue. ^^^^1 


60-67 


3-37 


35-96 








ParelUc add. ^^^^1 


60'67 


6-37 


32-96 










Philjrin. ^^^^1 


60-71 


6-95 


33-34 










Barbaloin. _ ^^ 


eo'fl] 


4-90 


94-29 










Gjraphoric acid. 


60-85 


4-76 


34-40 










Gardenin. 


60-86 


4-42 


34-78 










Salicylic add. 


60-90 


4-81 


34-23 










Catwlim. 


61-03 


16-25 




2373 






Trimethylamine. 


61 '03 


8-66 


25-27 


5-14 








61-29 


8-S5 


26-40 


3-46 






Sabadilline. 


61-39 


6-67 


29-77 


2-17 






Ammtine. 


61-44 




33-74 








Evemic acid. 


61-69 


8-78 


26-76 


277 






Sabatiine. 


fll-8 


6-1 


320 








Scleroxanthin. 


61-85 


6-15 


33-00 








Meconin. 


61-86 


6-15 


32-99 










62-01 


6-16 


33-64 










62-07 


10-35 


27-68 








Caproic acid. 


62-07 


3-45 


34'48 










62-17 


8-ai 


29-02 








GratioUn. 


62-17 


4-81 


33-02 








Rhatania-red. 


62-33 


6-49 


31-17 








Crocin. 


62-4 


9-0 


28-6 








Melanthin. 


62-46 


4-86 


32-88 










62-60 


4-17 


33-33 










62-68 


7-46 


20-88 








Antiarin. ^^_ 


62-92 


4-72 


82-36 








Linin. ^^^^^1 


63-00 


7-0 


30-0 . 








^^^^^1 


63-09 


7-47 


27-32 


2-i2 






NepaUne. ^^^^H 


63-13 


6-26 


30-S8 








Vanillin. ^^^^^H 


83-ia 


9-60 


27-24 








ConvallariD. ^^^^H 


63-44 


6-58 


25-20 


4-38 








63-67 


4-63 


31-79 










63 60 


8-50 


27-90 








IKgitoxia. ^^^^H 


63-64 


6-06 


30-30 


'.". 






Fbysalü. ^^^1 
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c. 


H. 


0. 


N. 


S. 


Samm. 


68-83 


6-38 


29-76 






CoriamiTÜn. 


ea-B 


8-2 


24 


3-i 






63-B2 


e-57 


27-12 


8-39 




Napcotine. 


64-12 


11-44 


24-44 






Oenaothic Kid. 


64-20 


617 


29-63 






Filicin. 


64-23 


8-77 


27-00 








04-42 


8-70 


23-97 


2-91 




VoratriBe, 


04-48 


4-40 


31-20 






Kämpfend. 


04 -85 


B-66 


23-47 


3-42 






64-80 


13-51 


2162 






Butyllc alcoboL 


64-90 


7-6 


27-5 






Ciilcedrin. 


65-n 


3-87 


31-02 






Gentisin. 


6ß-26 




28-07 






Kwun. 


6fi-28 


B-60 


29-03 






Columbin. 


06-45 


6-16 


29-09 






Pjrrocatechin, bjdroqni- 
nüne, rasoccin, etc. 


85-49 


7-84 


11-60 


15-27 






ec-62 


8-13 


31-25 






Purpurin. 


6&'ä9 


6-11 


29 20 






Santalin. 


e6-79 


5-48 


25-08 


3-05 




Bhffindine. 


65-85 


5-64 


28-51 






Methjaticin. 


efi-B7 


5-76 


20-95 






Chlorogenine. 


eiio 


46 


29.3 








■H6-05 


8-20 


25-09 






Laserpitin. 


6e-3a 


0-38 


27-23 






Xiinioiuii. 


66-44 


8-57 


2215 


4-84 




Cocitine. 


6666 


9-63 


23-71 






Hederic ikcid 


66-66 


3-71 


29-63 








66-67 


6-67 


26-66 






QuftBBÜD. 


BG-67 


3-70 


30-63 






Emodin. 


60-98 


698 


2604 






Athiuminthin. 


07-00 


9-64 


16-30 


7-io 






67 -11 


6-43 


27-40 






BrasUlin. ' 


07-12 


11-89 








Couhydrine. 


07-20 


7-20 


25-40 








67-4! 


6-62 


n-w 






CnbBbin. 


67-41 


5-62 


29-00 






Curonmin. 


67-5 


8-4 


20-5 


3*6 




Staphiaagrine. 


67-6 


4-2 


2S-2 






Frangulio acid. 


07-71 


B-ea 


20-41 






PinropoJopbjlliii, 


67-70 


6-*5 


25-81 






Orcin. 


67-85 


3-57 


28-58 






Parscotoin. 


68 00 


5-08 


14-32 


12-31 






68-07 


504 


26-89 






Eijthrooentauriii, 


68-08 


6-31 


17-05 


8-56 






63-22 


6-66 


27-65 


3-45 






68-39 


7-77 


16-58 


7-25 




Ditmne. 


68-85 


4-92 


26-23 








68-90 


804 


23-00 






Elaterin. 


69-58 


7-24 


23-20 






Betaoccin, 


09-72 


6-42 


24-86 






AJkannin. 




1162 


18-61 






Capric acid. 


69-84 


4-76 


25-39 






Cotoln. 


70-00 


9-29 


2071 






Capsaicin. 


7005 


6-59 


18-25 


7-il 




CuBConiae and aritune. 


70-38 


8-60 


21-12 






Abainthiin. 


70-E8 


7-9S 


16-60 


i-U 




Atroiriiie, bjoacyamino. etc. 
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c. 


H. 


0. 


N. 


S. 


Name. 


70-58 


5-88 


23-54 






I'eucedanin, 


70-58 


S-26 


19-82 


4-33 




SanicmoaniiO- 


70-79 


620 


18-88 


4-13 






70-81 


4-35 


24-84 






Chrysopicrin (yolpic add). 


70-87 


7-87 


1575 


5-51 






70-87 


3-04 


2519 






ChryaophanJo MÜ 


70-B 


9-5 


15-0 


3*9 




DelphinoidiQB. 


71-00 


10 05 


18-95 






Rottlcrin. 


71-38 




2273 








71-58 


6-67 


16-84 


4-91 




Morphine and piperine. 


71-6i 


5-08 


1910 


4-18 




Berberina, 


7200 


800 


10-65 


9-35 






72'09 


12-04 


15-87 








72-24 


7-02 


16-06 


4-68 




Codefne, 


72-31 


5-22 


22-47 






Chrjaarobin, 


72-41 


13-79 


13-79 






Heptyl-ftlooboL 


72-48 


11-41 


16-n 






Ricinoleie seid. 


72'ä8 


8-09 


lB-36 








72-SO 


6-54 


7-48 


13-08 




HannalinB. 


72-B2 


5-41 


21-62 






CinTiaiora AcEd. 


73-03 


7-69 


10-26 


8-98 






73-17 


7-32 


19-32 






Santonin, eogSDoI, eugenin. 


73-28 


3-82 


12-22 


lö^a 




Indigo-blue. 


73-31 


G-76 


15-44 


4-50 






73-58 


5-67 


7-54 


1321 




Hanaine. 


73-92 


11-66 


14-72 






Brjoldin. 


73-84 


13-84 


12-32 






Caprylic alcohol. 


73-85 


8-31 


4-92 


12-92 




Cjliaine. 


73-68 


12-23 


14-04 






Myriatic wäd. 


n-97 


4-11 


21-92 






Cüumarin. 


74 '08 


8-62 




17-28 




Nicotine. 


74-4 


9-7 


9-57 


5-62 


1-37 "(P) 




74-5* 


JO-56 , 


14-90 






Amlepin. 


74-57 


8-48 


904 


7'81 




Aspidospennine. 


74 -fl 


5-3 


21-1 






Grünhartin. 


74-68 


7-55 


17-78 






Bixin. 


75-00 


3-57 


21-44 






Aliiarin. 


75-00 


12-50 


12-50 






Falnütio ncid. 


75-02 


6-68 


10-43 


8-64 






75-04 


907 


15-89 






AtUkcudic Mdd. 


75-59 


7-09 


6-29 


li-Ö2 




Paricine. 


75-78 


7-37 


16-85 






HeUeborin. 


7606 


12SS 


11-28 






Steario aoid. 


76-59 


12-oa 


11-36 






Oleioadd. 


76-81 


1200 




11-20 




Conüno. 


76-83 


8-53 


14^4 






Helenin. 


76-92 


12-82 


10-26 






Acachio »cid, menthol, 
capric aldebyde. 


77-07 


7-95 


14-98 








77-24 


6-54 


7-30 


8-62 




Stn-cIiniDe. 


77-55 


7-48 


6-44 


B-63 




Cinchonine and dnchoni- 
dine. 


77-99 


12-23 




10-07 




Melhylooniina. 


77-92 


11-69 


10-39 








78-05 
78-3 


10-57 
112 




r 






78-43 


5-68 




15-89 




Aribine. ' 
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c. 


H. 


0. 


N. 


& 


Navk. 


78-57 


9-52 


11-91 


• « • 




AbieticacicL 


78-«8 


13-95 


7-37 


« «• 




Gefcyl-AloohoL 


78-94 


10-53 


10-53 


m mm 




CSan^ihor nnd cazyoph jIUii. 


79-02 


1817 


7-81 


• • • 




GerofcicacidL 


79-24 


5^65 


1511 


m mm 




Benzaldehjde. 


79-47 


9-93 


10-59 


... 




Pimanc «od. 


7974 


6-33 


5-06 


8-86 




Paytine. 


80-00 


9-33 


1077 


m m • 




Thymol and canroL 


80-25 


9-55 


10-20 


m m m 




CaidoL 


80-67 


5-88 


13-45 


• • • 




Cinnamem. 


81-08 


8-11 


10-81 


m • m 




AnethoL 


81-51 


13-21 


• « • 


5-28 




Cnrarine. 


81-81 


1414 


4-05 


m • • 




Gerotyl-aloohoL 


81-82 


6*06 


12-12 






Airvm/nn »nii rirtn»mirt 


^^^ ^^mm 


^0 ^r ># 




• ■ • 




aldehyde. 


81-82 


11-04 


714 


• ■ • 




Eapliorboiie and lactnoerm. 


8219 


14-15 


3-66 


• 

• • • 




Meliflsyl aloohoL 


82-44 


11-41 


615 


• •« 




Uydrocarotin. 


82-57 


11-36 


6-06 


* ' • 




Betulin. 


83-49 


1179 


478 


• ■ • 




Amyrin. 


83-87 


11-83 


4-30 


• • • 




Phytoetflrin. 


8411 


12-15 


374 


• mm 




Cholesterin. 


84-37 


9-37 


6-26 


• • • 




Carotin. 


88-24 


1176 


• mm 


• • • 




Caoutchoac, terpenes, etc. 


92-31 


7-69 


• • • 


• • m 




Styrol. 
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Abietite, 225 
Absinthün, 49, 146 
Acacia, tannin of, 162 
Acid, abietic, 127 

acetic, 23, 24, 119, 226 

aconitic, 70 

acrylic, 24, 119 

anacardic, 146 

angelic, 13, 24, 119 

anthemic, 146 

arabic, 76, 210, 211, 250 

arachic, 15 

aspartic, 206 

atranoric, 151 

beberic, 146 

benzoic, 32, 33, 35, 49, 226 

beta-erythric, 151 

boheic, 160 

butyric, 35, 119 

cafifeic, 161 

caffeo-tannic, 161 

cambogic, 135 

capric, 13, 119 

caproic, 13, 119 

caprylic, 13, 119 

carbusnic, 150 

oatechuic, 41, 44, 156 
„ estimation, 157 

oatechu-tannic, 156 

cathartic, 86, 248 

catbartogenic, 248 

oelastnu-tannic, 163 

cetraric, 151 

chelidonic, 148 

chrysophanic, 36, 132 

cinchona-nova-tannic, 163 

cinchona-tannic, 162 

cmcho-tannic, 162 

cinnamic, 25 

citric, 70 
„ eMtimation of, 226, 228 
„ reactions of, 226 

crotonic, 119 

dioraellic, 149 

ellagic, 153 



Add, ellago-tannic, 160 
erythric, 151 
evemic, 150 
eveminic, 150 
formic, 23, 24, 119, 226 
filix tannic, 162 
frangidic, 133 
fumaric, 70, 232 
gaUic, 32, 133, 226 

„ detection and estimation, 
47, 137 
gallo-tannic, 160, 226 

„ estimation, 159 

gelsemic, 205 
glutamic, 207 
glycollc, 233 
glycyrrhizic, 171 
gummic, 210 
gyrophoric, 150 
helüuithic, 170 
hydrocarbusnic, 151 
hydrocyanic, 24, 29 
isobutyric, 119 
jalapic, 140 
jervic, 148 
kinic, 232 
lactic, 232 
lauric, 13, 112 
lecanoric, 149, 151 
leditannic, 163 
lichenostearic, 151 
linoleic, 11 

„ estimation, 111 
lobaric, 151 
maleic, 232 
maUc, 70, 229, 234 

„ detection, 225 
meconic, 148 
melangallic, 137 
melilotic, 108 
metapectic, 211 

metarabic, 88, 209, 211, 235, 243 
metatongstic, 56 
methylcrotonic, 13, 119 
methylsalicylic, 30 
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INDEX. 



Acid, mongumic, 127 
morintannic, 158 
myristic, 15, 16, 112 
myronic, 165 
nitric, 78 

,, estimation, 83, 84, 85 
nucitannic, 163 
octylic, see caprylio 
oenanthic, 119 
oleic, 11, 112, 113 

„ detection, 18 

„ estimation, 111 
ophelic, 147 
orsellic, 149 
oxalic, 70, 91, 230 
oxyusnetinic, 150 
palmitic, 18, 112 
para-oxybenzoic, 35, 36 
parellic, 150 
patellaric, 150 
pectic, 211 
Pelargonie, 13 
phosphomolybdic, 56 
phosphoric, 226, 229 
phyUic, 127 
picric, 56 
pimaric, 127 
pinic, 127 
pipitzahoic, 136 
podocarpic, 127 
podophyllic, 139 
polygonic, 149 
polyporic, 90 
propionic, 119 
protocatechuic, 35 
pteritannic, 163 
quercitannic, 161 
quinic, see kinic 
quinovic, 175 
racemic, 70, 229 
rhatania-tannic, 157 
ricinoleic, 19 
roccellic, 149 
ruberythric, 134 
rubichloric, 232 
rufigallic, 137 
salicylic, 24, 32, 33, 49 
salicylous, 24, 29, 168 
santonic, 36 (see also * santonin ') 
sclerotic, 86, 248 
stearic, 18, 112 
stictic, 151 
snccinic, 230, 231 
sulphuric, 226 
sylvic, 127 
taigusic, 136 
tannaspidic, 162 
tannic, 56 
tartaric, 71 

„ estimation, 228 



Acid, toxlcodendric, 24 

trimethylacetic, 119 

usnic, 150, 152 

valerianic, 13, 24, 35, 119 

viridic, 161 

vulpic, 150 
Acids, 225 

amidic, 247 

estimation of in fruits, 71 

examination for, 65, 69 

examination of substances soluble 
in, 91 

extraction \^itli, 91 

fatty, Identification of, 120 
,, Separation from resin, 112 

liehen, 149 

mineral, estimation of, 71 
„ tests for, 71 

organic, estimation of, 69 

produced by alkalies, 36 

qualitative Separation of, 70 

resin, 32, 127 

tannic, estimation of, 41-47 

volatUe, 23, 29, 117 

„ Separation of, 119 
Acolyctine, 58 
Aconine, 58 
Aconitine, 50, 179, 181 

estimation of, 60 
Acrinyl, sulphocyanate of, 166 
Adansonin, 146 
Aesculetin, 169 
Aesculin, 49, 169 
Agrostemma githago, saponin in, 68, 

69 
Albumen, estimation of, 79, 80, 238 

soluble in dilute soda, 88 

vegetable, in mucilage, 66 
Albumenoids, detection of, 78 

estimation of, 234, 236, 237 

examination for, 65, 78 

extracted by dilute acid, 240 

extracted by pepsin, 240 

extracted by spirit, 241 

extraction of, 78 

insoluble in dilute soda, 89 

microchemical, detection of, 78 

nitrogen in, 234 

not precipitated by alcohol, 76 

reagents for, 79 

soluble in dilute soda, 88, 235 
Alchomin, 146 

Alcohol, examination of substances 
soluble in, 38 

extraction with, 38 

amyl, 30 

cerotyl, 13, 110 

cetyl, 13, 110 

melissyl, 13, 110 

melyl, see melissyl 
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Alci.h„l, ootyl. 30 




AJoihol», bo[Ung pr>inU »f, 30 


AQiygdalEn. 164 ■ 


Alcohol«, priro»ry, aecondary, etc., 30 


AtnyUn, 2S3 H 


Aldehyde, »ngelic, 26 


Amylodextrln, 250 ^H 


beozoic, 25 


Amjlam, «re sUrch. ^H 


csprfc, 29 


Amyrtn, 109 ^^^^H 




AnalysiB, general methad, 5 ^^^^^^1 


mtiüiyl-capric, 29 






Aaemonul, ^^^^^^^H 


Hllcyllc, 2fi, 29 


Angelicin, 109, 208 ^^^^H 
AnEydrid™, actiin of >]l»lie> oa, 39 ^1 




20 


Anlline, 50 ^H 


Aldar. tannia of, 168 


Anthocblor, 117 ■ 


AlBurites Ucoifera, w«!t Ironi, 110 


Anthoxanthiii, 117 H 


Äleurcme, 236 


AnCbracene, 136 JH 


AlgBrubUl>.tuiDiD of, 159 




Aliznrin, 133 


138 ■ 




Antlar[n, 175 ^1 


cincboiu, lai 


Antirin, 146 ^1 


of ceUndine, 50 






170 ^^^^1 


.-( pimento, 50 


Apricotn, oil 103 ^^^^H 


Alkiloida, 178 


210 ^^^^H 


coIoüT-raictioiu. of, 173, 179, 180 


AruMiiDH, 218 ^^^^H 




Arbutm, 167 ^^^^H 








Anbine, 203 ^^^^H 




198 ^^^^H 


bitncted in fited »il, 19 


Ariatoloobi», bitter, 175 ^^^^H 


extracted with [Jcohol. 38, 48 


146 ^^^^H 


extracted vMi ethsr, 33 


Amidn, 14S ^^^^H 


eitntcted with patrutenm Bidrit, 20 


AKsron, 108 ^^^^H 




Aactepiadin, 148 ^^^^^H 


(.•nrnp-reagento for, 55 




UDUtion i.f, 55 


Asparagine, 82, 20S. 207 ^^^^^1 








Acburuntbin, ^^^^^^1 


ur ainchona, 103 




nrer, 198 


Atropinc, 50 ^M 






pUtinum und irold »Ita of, 181 






BabUh fruit«, tumin of, 180 ^| 


>ep>r.tloD, 83, 189 


Bflberine. 203 ^^^^M 




Beecb-oil. 102 ^^^^H 




Belluloonine, 203 ^^^^H 


leata for, 181 




TolatUe, 50 


Berberine, 49 ^^^^H 


AlkkDnin, 135 




Almond. oU of iweet, 102 


BeUiae, 205 ^H 






Aloe«, v»Iu«Ü(.nD/, 177 


Bctulin. 145 ^^^^H 


Aloli«, variou., 178 


Ahtonine, 203 


BiTcb, tannin of, 163 ^^^^H 


Amudtine, 205 


Bi^<rt, Unnln 168 ^^^^H 


Atnidei, 205 


liitter-abuond oil, 29 ^^^^H 








e.tr«M«l by .Icohol, 38, 48 ^H 








Bi>b, 135 ■ 


Ammuiil«, wtlmMion of, 81 


BrulUin, 137 V 




Caitiiihydiatea, <ee and^ rayctire 

f:w>lm,]09 
Cu«al.ll6 
Cttj^jVm, 49, 146 
Cuttamin, 178 
CaKuiDm, 49, 14« 

Cislor-oü, 102 
C»techin, 33, 13S 

eatiinttion of, 137 
Catecho. Unain of, 156 
CelBDdine, olkaloid of, 50 
CeUstma, tiumiii of, 163 
Cell-Dncleos, 79 
Celluloee, ££2, 256 

estiuutiaD of, M 

TUietiea of, 256 
CenitophjlUn, 150 
Ceroün, 111 
Cerotene, 110 
Cevuiilla Beed, 184 



Cbdidonine, cetimaUoD of , 68 
Cbdldonlain, i ' 
In, 184 



Chfanühiliii, 147 
ChlrsUn, 147 
Chlorogenine, 203 
Cbloropb}'!!, 19, 113, lU 
wttnuitioo of, IIS 



<AoliDa,905 

OuTaatilnn, 132 
Cbma, 1Z8 
auTBOFhjll, 114 
ChiTKipicriii, ISO 

Chiraorbamnin, 135 ~ 

CfajWioae, 218 

Cicalin,Hr 

Cincbona, amorphoua olkkluid of, 191 

tumin of, 162 
Cinchoiu-alk&loids, eatuutttian of, 82 
Cin(Aoii&-Dova-rBd, 163 
Cinclunu-red, 162 
Cinchonicline, sepajstian of, 104 
Cinchanine, 49, 50 

KpiLratioD oE, 194 

Liayl, 'cinnamate ot, 25 



C-odeine, 50 
Colchiceine, 49 
Culcfaicioe, 49 

eetiniation of, 61 

Colocynthin, 49, 170 



CoDcludii^ renuktlcs (to FMt L), 97 

Coneuine, 203 

CoD^atin, 235 

GoJibjdrine, 50 

Cmuferin, 167 

Conune, 50 

estim&Uon of. 61, 183, 184, 189 
Conquimne, »ee quiniiÜnB 
CoHTalluiumn, 49, 173 
ConvklUrin, 172 
OonnllTIlliI^ 141 
- • ■^ 145, 170 

.a» 

Votcia, 147 
CoHoD-ieed, oil of, 103 

Coamarin, lOS 

OnteEiii, 17G 

aooeäii,171 

CnoiB, 171 

Cnide PUB«. 257 

Ciyatalloida, 79 

Cnbebin, 49, 145 

Curarine, 53, 179, 194, 208 

Caicamin, 135 

CusDOnine, 193 

Cnsparin, 175 

CuticuUr aabst&ncc, 96, 253 

.Cntoae, 2S3 
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Ethereal Stite, lee ■ S^t^ eiheieai ' 


CjcUmln. 172 






eatinuition ot aubstanoe« aolabla 


Cyclofna-red, 163 


in, 32 


Cjclopin, 183 


examinatioD ol sabetances eoluble 




in, 31 


Cytirine, 203 


EtioUn, 116 






Daphnin, 4», IM 


Hncalvn, 219 


Datiaein, 170 


EupiUorfn, 147 










Dextrin, 212 


Fat-add«, fiied, 14 




fracüoial precipitotion of, 14 




free, 105 




detecÜOD snd eatimation, 106 


Deitrose, nef, glucose 


meltingpoinUof, 14, 15 


Düutase, 237 


voUtUe. 13 


BiethyUmine, 2H 


Fate,»iff 'FUedOÜ- 


Digitaldn, 49. H3, 173 


Febling'» Solution, 72 _^H 


Digitolin, H2, 173 


Ferments, 237 I^^H 


DiSfitaliredn, 142 


Fibrin, vegeuble, 235 ^^M 


Digitin, 143 


Filii, t^nln of, 162 ^^H 


Digibnnein, 143 


FilioiD, 99, 107 ^^ 


Digitonin, 143, 173 






deteotlon of, 10 


Digituresin, 143, 174 


eUUin Ust for, 10 


Digitoxin, 142 


ertirortion of, 10, 11, 99 




ettimatioD of glycerin in, 12 


DiosmiD, 108 


linoldc«idin.ll 




oleic «id in. 11 


DiUlne, 204 




Uitanune, 20* 


resioifiction of. 101 


Divaleryloreoselon, 145 


t«ta for, 101, 102 


Divi aivi, tannin «f, 15S, ISO 


Fraiin, 169 




Frech pUnta, treslment of, S, 10 


Dulclte, 225 


Fndt-Bng»r. 218 




FoinBrioe. 205 


Ecboline, 202 


Fongin, 253 


Echiwrin, lOS 






Galactoae, 219 


Elaidin, t«BtforoiU,102 


G«11h. tannin of, 156, 159, 226 


EUterin, 49, 147 


aaTdeain,127 _^H 


EmAine. 50 




«titDKÜan ot, 61 


GeloM, 252 ^^H 


Emodin, 132 




EmiiUin, 237 


Genen! BemarliH. 1 ^^H 


EroatiDe,202 


C^entian-lHtteT. 140 ^^H 




Gentbin, 139 ^^M 


Encinol, 143 


GeranÜD, 176 ^^H 


Ericolin. 49, 143, 166 


Glaocine, 205 ^^H 




GUadin, 241 ^^H 


' ondilnMe of, 151 






Glohnlsrin. 170 ^^H 


Eijlhrophyll. 115 
ErytbrophlaiinB, S02 


Globulin. 235 ^^H 




EiTthruretin, 132 








EochMholUi^ 204 


Glucoee, deteotien ot, an 


Etberwl Oit, *^. ■Od, eUiereri' 


ntimation of, 72, 73, 71. 215, 217 
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Gluoose, fermentatdon tesfc for, 216 

polarization of , 221 
GluooseB,^ deteotion and estimation, 
64,72 

extraoted by aleohol, 88, 48 

variousi 256 
Glucosides, detection of, 58 

direot examinätion for, 50 

extraotion of bv ether, 83 

extraotion of from aqueous Solu- 
tion, 49 

group-reagents for, 54 

Bolubility of, 164 
Glutamine, 82 

deteotion of, 207 

edtimation of, 207 
Gluten, 248 
Glutenoasein, 235 
Gluten fibrin, 241, 242 
Glutin, 241 
Glyoerides, 11 
Glyoerin, estimation of, 109 
Glycyrrhizin, 171 
Goa-powder, 132 

Grold, ohloride of,a8 alkaloid reagent,56 
Granulöse, 249 
Grape-sugar, see gluooae 
Gratiolin, 49, 172 
Grönhartin, 186 
Gruund nut, oil of, 102 
Guaoin, 147 
Guarana, 186 
Guaranine, 186 
Gum, 208 

Gum arabic, varieties of, 211 
Gum, See also * Muoilage * 
Gummioose, 210 
Gum-resins, commeroial, 3 29 
Gypsophila struthium, saponin in, 69 

HaBmatoxylin, 32, 33, 186 
Harmaline, 203 
Harmine, 203 
Hazel nut, oil of, 102 
Helenin, 108 
Helianthus, oil of, 102 
Helleborein, 49, 172 
Helleborin, 172 
Hemp, oil of, 102 
Hesperidin, 171 
Hesperidin-sugar, 225 
Homofluorescin, 151 
Hop-bitter, 147 
Hop-resin, 49 
Hop, tannin of , 156 
Horse chestnut, tannin of, 158 
Humus, 90 
Hurin, 148 
Hydrastine, 205 
Hydrocellnlose, 250 



Hydrocarotm, 109 
Hydroootoin, 147 
Hygrine, 203 
Hyofidne, 60 
Hyoflcyamine, 50 

estimation of, 00, 183 
Hypochlorin, 114, 116 

Incmsting snbstanoe, 95. 253 
Indican, 174 
Indigo blue, 174 
Indigludn, 174 
Indigo white, 174 
Inosite, 219 
Introduction, 1 
Inulin, charactersi, 87 

detection of , 66 

estimation and extraction of, 86 

examination for, 86 
Inuloid, 87 
Invertin, 237 
Invert sugar, 218 
Ipecacuanha, tannin of, 163 
Isodulcite, 225 
Isophlorrhizin, 169 

Jalapin, 140 
Jalapinol, 140 
Jervine, 180 
Juniperin, 148 
Jurubebine, 205 

Kämpfend, 108 
Elawain, 148 

Knoppem-galls, tannin of, 159 
Kosin, 107 

Lactose, 210 

Lactucerin, 108 

Lactucin, 176 

Lactucon, 108 

Laserol, 145 

Laserpitin, 145 

Laurocerasin, 164 

Legumin, estimation of, 79, 23i 

Leucine, 207 

estimation of, 207 
Leuootin, 147 
Levulin, 212 

alcoholate, 213 

detection and »estimation of , 67, 
213 
Levulosan, 220 
Levulose, 218 
Lichen-aoids, test for, 151 
Liohenin, 249, 251 
Lichens, microscopical examination of, 

151 
Lichen-starch, 251 
Lignin, 95, 252, 253 
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Mustard, volatüe oil ot, 186 
MycoBa, 221 


255' 




MyoBin, 235 


h 




Lig-irtrlo, 170 


Mrrica cerifero, wui from, 110 


Limonin, 171 




Linin, 176 


Bpeoies, „ „ 110 


Lin»e8d,oUof, 102 


Mjrobalan«. tannitf of, 158, 180 




Myrown, 185 


Litcrature of plaDt-analyBÜ, 3 


Mjroxöcarpln, 108 






liOturina, 17S, 20D 


Norceine, 49, 60 


Lupinin, 17a 


Narootine, 60 


Luteüi, 11 r 




.utaolin. 140, 178 


Narinsin, 171 




Nartheoin, 148 


LyCiipin, 148 


Nepaline, 60 




Neutin, 206 




Nicotine, 50 


Maolurin, ISS 




M»lto«i, 221 


Nitrilea, 27 


Mangortin, US 


Nitrog«n,detection in elhereal oil, 27 


MMinite, 77, 224 








MArrabin, 148 


Nucin, 148 


Mwopi]],14S 


Nuoita, 219 


Meoonin, 14S 


Nnpbarine, 50, 205 


Melwi^, 173 












21 


MelJtoH, 221 




Melting-pointn, detenninatLon of, 16 


■iBtection of aulpbocyanouan 




in, 27 


MenyKithin, 4fl, 188 


detection of milphnr in, 20 


Mercuria chlüride u nlkuloid reageat. 


di-tillation of, 23 


69 












Mrthjlconito«, 60 


29 


Mrthyrtfcia. 148 


fluorescence, 26 


HUk-nK>r, 220 


fractioofll distiUalion, 27, 


Moiuunines, 244 


opücal teste tor, 120 


Murin, 158 


iwlariration of, 25 


Morphine. 60 


reactions of. 26, 121. 122, 


wtim&tlon of. 61, 184,109 


123 


Morindfn, 136 


8olub>Ut; in aloobol. 2C, 120 


Morindon, 135 


Hpecific gravit; of, 28 


Mucedin, 241, 242 




Mueilags, ohanctera of, 210 


oliVB, 102 


eatinatiün of, 65 




eHUdinoUon für, 85 


Olivil, 176 


uicidifisd methud of exuminstion, 


Ononin. 170 


20a 


Oporation», prelirainary, C 


MudwiQ, 176 








OreoMlon, 145 






Mu.c»rin«, 205 
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(Hy§lcAn, 179 
Oxycjrelopfii, 163 
Oxylwetkin, 147 
OxyiMttrisi, 200 

VmonMiwirmeint 36, 131 
FiJ)*qtiUlan« 172 

PApftjotfn, 237 
VttnwMuiom, 203 
PMBcboUMterin, 107 
PMftcotolii, 147 
Pftrftmeii{«pennfn«, 200 
Pftnurftbln, 91 

emtimaXUm of, 93 
I'Aricin«, 199 
Fftrfdin, 172 
Pftrig<min, 174 
FftHIUn, 174 
Vmytitm, 199 
Paotln, 208 
ViMstimt 203 
P«ll«ti«rine, 200 
Pepton«, 239 
P<»r«iriii«, 00, 200 
Potrohrnm Hpirit, efftlmation of »ab- 

utonoaN ttolubl« in, 8 
VatroUsum Hpirit, extraction with, 8 
PoucodAfiln, 140 
]'li«oretin, 132 
l*hM«omAnnite, 219 
iniilyfftmin, 169 
PhilyHn, 169 
I'hlobAphene, 88, 90 
Pblorogluoin, 30 
Pblorona. 218 
Pblorretin, 169 
Plilorrhixin. 169 
PhyllooyMiln, 113 
PbyUc»xAnthln, 114, 116 
PhyMAlin, 40, 171 
PbyN(Mtl|pnlnd, 00 

eMtimAtion of, 61, 184 
PbytoKttjHn. 107 
Piorc)drythnn, 101 
Pioruliohenin, 101 
IMoropoaopbyllin, 189 
Piort)«olorotine, 202 
Picrotoxin, 40, 142 
Pilocarpine, 00 

«•timation of, 184 
Pimonto, alkaloid in, 00 
IMnt), tannin of, 162 
Pinipicrin, 167 
Pinito, 220 
Piperino, 49 

üMtiination of, 188 
PItttwporin, 170 

IMatinuni, iHirohlorldo of, m alkaloid 
reagunt, oU 



PSHki|il^jllaBi pdtetaHy Vd9 

PolfdiKiite, 171 

Fomeggatmte, tHmfai ol, 1€0 

Popraeed, ofl ol, 102 

Popolbi, 49, 1« 

PotptqrriiM^ 203 

PoteMOobfamnlliSe ioäSde, m allalaid 

rfiagwit, 55 
P^rtmigiirfainrfc iocfide^ m aJkaMi 
56 

m aOaloid 



55 
Potaannm, bidironuite << m alkaloid 

Ffiigcnt, 56 
Potammi, myronate, 165 

tribromkie, a« alkaloid reatfoit^ 55 
Potaatfami, tri-iodide, as aDaumd le* 

agenfc, 55 
Powderbig, 6 
Preliminary operatioiia, 5 
Protoplaam, 79 
Pfenaaconitine, 60 
Pteodamyl-aloobol, 30 
Ptmicine, 205 
Porpurin, 183 

Pyrocatecbin, 32, 33, 36, 138 
Pyrogaüol, 35, 36, 137 

Quattrfin, 49, 149 

Quebracbin, 49 

Queroetin, 36, 138 

Querdn, 176 

Querofte, 225 

Quercitrin, 36, 138, 178 

QaiUaja saponaria, aaponin in, 69 

Quinamine, 198 

Quinidine,50 

Separation of, 194 
Quinine, estimation of, 62, 185 

Separation from bfldrk-alkaloids, 

194 
Qulnovin, 176 

Rape-oil, 102 

RAtanbin, 208 

Resin, deteotion in fixed oil, 11 

extraction of, 81, 88 

micro-cbemi<»l deteotion, 83 

Separation from fat aoid, 112 
Resins, 127 

aoid, 34, 36 
„ Separation of, 127, 128 

aotion of potaah on, 34 

anhydrides, 34 

bebaviour to reagents, 34 

commeroial, 129 

dry distillation of, 36 

indiflferent, 84 
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Siiulbiti, 186 ,1 


oxidaUun-produot» ol, äi 




pDrificttion, 34 


«.dpliMyanat« i.f, 1Ö9 1 


Reimroia,S6 


SlmBtrin. 212 || 








detoction and eKtimatiiin, S7, 213 


KhaUny-red, 167 


BlnkalbB. 205 


UhiiUny-r<H)t, tannin of, 1G7 


SmiUdn, 174 


Rhinacanthin, 1156 






in, 88 


Rhinantbln, 188 




KhinunthogenlD, 163 




Rlunidine, 303 


Si>rb[n, 210 U 




Sorbite, 225 g 


Rhubarh, A«uy bj lodine, 248 


Sonlidln, lEI ^^J 






KicinuN Cl<lnmuni^ oil of, 102 


Sparteine, EO, 205 ^^^| 


R.,hiain, HO, 178 


Spedal Mathnü, 90 ^^^| 


lUAÜerln, 149 




Itubittdin. 134 


Slarch, Ol, 249 1 


Kubian, 134 




Rubiretin, 134 
llnthi, 140, 178 


Stymoln. 25 ^ 




Strjchninc, 00 ' 




oBtimationot, 81, 183 




Styr.ll, 108 


SabatriHB, 60 


Siiborin, 06, 2S5 










clmnujtors of, 78 


üil,27 


wtlia>tir.n ot, 7S 


Sulphur, detection In ethereal oil. 2S 




Sunucb, tannin of, 159 


Inverxluo of, 75 








äallcin, 33, 60, ISS 


SjTingln. 40, 170 1 


»»Ucin-.i.gar, 218 


Sjrli]gupi<irln, 170 J 


S»]i({enln. 168 




Malirotiii. IÖ8 


Tampicin, 140 " 


Mts, Dthenul, 26 


Taiuuctln, 140 


Samadcrin, 170 


Tangliinin, 149 


Hand, 7 








Snntalin, 137 


168 


SantonlD, 30, 49 


detoction of, 39 




detüctloD at glucose from, 183 




ellat(ic acid from, ISS 




ortimalionof, 41.47 


Haixmln, 49, 17S 


extracted by other. 31 




aloübol, 38 




extraction of. 40 




»Uic acid rrom. IG3 




rMolublo in watCT. 168 


Hcillain, 178 




purificatfon uf, 15S 


Scloroiuuoin, 24» 


Scleroxaiithlu, 149 


rBaoÜons of, 40 1 


SM.«Bin, 49, 173 






varimu, 153, 182, IdS 




Taiaxadn, 140 


«Icirfrin, U» 


Taxi», 60, 205 
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Tea,186 

tannin of, 160 
Theboine, 50 
Tectochrysin, 128 
Terpenes, 28 
ThaÜctrin, 180 
Theine, estimation of, 62 
Theobromine, 49 

estimation of, 187 
Thevetin, 172 
Thnjin, 140 
Toxiresin, 143 
Trehalose, 221 
Triethylamine, 244 
Trimethylaminei 245 
Trimethylaniline, 50 
Triticin, 212 

alcoholate of, 213 

detection and estimation, 67| 218 
Turpethin, 141 
Tyrosine, detection of, 208 

estimation of, 207 

Umbelliferon, 36 

Valonia, tannin of, 159 
VaniUin, 167 

estimation of, 144 
Yariolinin, 151 
Vasculose, 253 
Yerantin, 134 



Yeratrine, 50 

estimiEttion of, 61, 184 
Yeratroidine, 179, 189 
Yiola trioolop, 139 
Yiolaquercitrin, 139 
Yiolin, 203 
Yitellin, 235 
Yitellin, isolation of, 236 

Separation from myosin, 286 

Walnut, oü of, i02 

Water, examination and estimation 
of substanoes soluble in, 65 

mineral matter dissolved by, 65 
Wax, Bahia, 111 

Camauba, 111 

microscopical detection, 111 

vegetable, 13, 110 
Wood-gom, 249, 252 
Wormseed, estimation of santonin in, 

141 
Wrightine, 203 

Xanthein, 117 
Xanthin, 117 
XanthophyU, 114, 116 
Xanthorhamnin, 135 
Xanthosderotin, 149 
Xylostein, 149 

Zeorin, 151 
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